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ABSTRACT
Use has- b e e n  made of th e  a f f i n i t y  o f  s i l v e r  io n s  f o r  a  l a r g e
v a r i e t y  of o r g a n ic  s o l v e n t s  t o  s t u d y  th e  n a t u r e  o f  s o l v a t i o n
and i t s  e f f e c t s  on th e  d i s s o c i a t i o n  o f  e l e c t r o l y t e s  and t h e i r  
i o n i c  r a d i i .
The c o n d u c t i v i t i e s  o f s i l v e r  p e r c h l o r a t e ,  n i t r a t e  and  
n i t r i t e  have b e e n  s t u d i e d  i n  a  v a r i e t y  o f  s o l v e n t s  and  b in aa y  
s o l v e n t  m i x t u r e s .  The l a r g e  m a j o r i t y  o f  th e  b i n a r y  s o l v e n t  
m ix t u r e s  have b e e n  o f  th e  ty p e  w here  one com ponent was
p r e s e n t  i n  l a r g e  e x c e s s  o f  th e  o t h e r  and  t h e  m in o r  com ponent
e x h i b i t e d  a  s t r o n g  a f f i n i t y  f o r  s i l v e r  i o n s .  The r e s u l t s  
have  b e e n  i n t e r p r e t e d  i n  th e  l i g h t  o f  m o dern  e l e c t r o l y t e  
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s m a l l  compared w i t h  th e  e f f e c t s  o f  o r g a n ic  b a s e s f  
© y c lo p e n ta d ie n e ,  . d i c y c l o p e n t a d i e n e  a n d  p o l y s t y r e n e .  T hese  
v e r y  s m a l l  c o n d u c t i v i t y  ch an g es  in d u c e d  b y  b e n ze n e  hav e  b e e n  
m e a su re d  a t  h ig h  f r e q u e n c i e s  u s i n g  a n  o s c i l l o s c o p e  a s  a
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d e t e c t o r  u n i t ,  and  ha'va beam  e x p l a i n e d  on th e  b a s i s  o f  th e  
f o r m a t i o n  o f  l o o s e  a g g r e g a t e s ,  o f  b e n ze n e  n n o lso u le s  ro u n d  
s i l v e r  i o n s  a s  op p o sed  t o  the. f o r m a t i o n  o f  s t o i c h i acmt r i e  
c o m p lex  io n s  f o r  t h e  o t h e r  A d d i t i v e s ,
The c o n d u c t i v i t y  o f  s i l v e r  p e r c h l o r a t e  i n  p u r e  and  
b i n a r y  m ix tu re s ,  o f  s o l v e n t s  h a v in g  c l o s e l y  s i m i l a r  d i e l e c t r i c  
c o n s ta n t®  h a s  a l s o  b e e n  s t u d i e d  i n  o r d e r  t o  e l i m i n a t e  t h e  
e f f e c t  o f  v a r i a t i o n  o f  th e  d i e l e c t r i c  c o n s t a n t  i n  th e  
im m ed ia te  v i c i n i t y  o f  a  s o l v a t e d  io n *  The W alden p r o d u c t s  
f o r  t h e s e  s o l u t i o n s  w ere  fo u n d  t o  conforms m ore  c l o s e l y  t o  
c o n s ta n c y  when d i v i d e d  by  th e  d i e l e c t r i c  c o n s t a n t  b u t  no 
t h e o r e t i c a l  e x p l a n a t i o n  has b e e n  fo u n d  f o r  th i® .
U )
CONTENTS.
P a g e .
GENEKAL INTRODUCTION. * . * . . .......... . ......................................... 1 ,
SECTION 1 .  ............................................................................9*
SECTION 1 1 ..................  . .............. 3 3 .
SECTION 11 1 ................. ......................................................... ..............5 1 .
SECTION IV .................................................................... . . . ................. 6 3 .
SECTION V. . . . . ...........................................   . . . . 9 2 .
SECTION V I .       ..............     121#
GENERAL CONCLUSIONS.  .................................... . . 1 4 7 .
HSEEHHSNCES POL ALL SECTIONS.  .................... I f t .
- 0 000O0 0 0 0 -
(v i )
SECTION l a .
APPABATUS AMD EXPEKCHENTAL TECHNIQUE.
P a g e ,
( i )  M easurem ent o f R e s i s t a n c e ,   ..............   „ ,10»
( i i )  C o n d u c t i v i ty  C e l l s ,  ........................... ............ . . . , , 1 3 ,
( i i i )  C le a n in g  of A pparatus®   ............  , , , , . 1 4 ,
( i v )  D e t e r m i n a t i o n  of Cell C o n s t a n t s ,  1 5 ,
(v )  T echn ique  u s e d  f o r  E x p e r im e n ta l  HR unsn , . , , , , 1 7 ,
( v i )  T e m p era tu re  C o n t r o l ,  , ............................ . . , , 2 2 ,
( v i i )  W eigh t M e a su re m e n ts ,   .................• • ■ , , . . . , , 2 3 ,
-  0000O0000-
SECTION l b .
PHBPABATION ANN PURIFICATION OF MATERIALS.
Page
. ( i )  C o n d u c t i v i t y  W a te r ............... ..........................♦ . ............. .25*
( i i )  O rg a n ic  S o l v e n t s ; -
A c e to n e .  . . . . . # 2 6 .
P y r i d i n e .  . . • • • • • • • • • • . » • .............. • • • • • • • 2 6 .
P i c o l i n e s • • • • • • • • • • • • • • • • • • • • • • . • • • • • . 2 7 *
q - c o l l i d i n e .  . 2 7 .
E th y le n e  G ly c o l .  «• * • ............  . . . 2 7 *
C y c lo h e x a n o n e • . . . . . . . . . . . . . . . . . . . . . . . 2 8 .
i s  o '-B u ty l a l c o h o l .  » • • • • • • • • .............. . . . . 2 8 .
D i c y c l o p e n t a d i e n e .  ............ . 2 8 .
C y c lo p e n ta d i e n e .   .................. . . . 2 9 .
B en zen e . 2 9 *
N i t r o m e th a n e .  . 3 0 .
( i i i )  E l e c t r o l y t e s ; -
p o t a s s i u m  C h l o r i d e .  . . . . . . . . . . . . . . . . . , 3 0 .
S i l v e r  N i t r a t e   ................3 1 .
S i l v e r  P e r c h l o r a t e .  . . . . . . . . . . . . . . . . . , 3 1 .
S i l v e r  N i t r i t e .  . . . . . . . . . . . . . . . . . . . . . . 3 1 .
( i v )  N i t r o g e n .
-  ooooOoooo-
32
(v i i i )
\
SECTION 1 1 .
hi l l l l  IW I
THE CONDUCTIVITY OF SILVER PERCHLORATE IN 
ACETONE AT 25°C AND THE EFFECTS OF BASIC'
■■ ■ - ; r  ■ -  in-................ r ‘  a . . . '... ’ ............ ir ' - - .........  ;• , - ’ ■ -rr • ■
ORGANIC ADDITIVES'!
P a g e .
( i )  H i s t o r i c a l .   ............  3 4 .
( i i )  E x p e r i m e n t a l .  . 3 6 .
( i i i )  D i s c u s s i o n    . 4 5 .
( i v )  C o n c lu s io n s .   ......................... . . . 4 9 *
- 0000O0000-
( i x )
SECTION 111 .
THE CONDUCTIVITY Off SILVER NITRITE IN
BTHYU5NB ULYCOL AND THE EEKECTS OE BASIC ADDITIVES.
P a g e ,
( i )  H i s t o r i c a l *  • « > . , . . » ................   52 >
( i i )  E x p e r im e n ta l*  * ........................   . 54 *
( i i i )  D i s c u s s io n *   ..................... 6 0 .
( i v )  C o n c lu s io n s *  • • « • • • * • • . • • • * • • • • • • 6 2 •
-  0 0 0 0 O 0 0 0 0 -
THE; EOFEECTS 05* NON-BASIC ADDITIVES OH THE
SECTION IV*
CONDUCTIVITY OH SILVER PBBCHLORATE AND
SILVER NITRATE IN ACETONE. ■
P a g e .
( i )  H i s t o r i c a l .  • ' . * • • • • • . • • 6 4 .
( i i )  E x p e r i m e n t a l   ..................... . . . 6 7 ,
( i i i )  D i s c u s s i o n .  . 8 4 .
( i v )  C o n c lu s io n s .  . 9 0 .
-  0000O0000-
(x i )
SECTION Y.
AUDIOFKEQUENCY MEASUREMENTS OF THE EFFECTS OF
m  i . t i w h n  iw  h i i^ u i i i r h iM i. y ^ ; ^  j ' n i i - iu . p i  i - i ,> ij » iW, i i i . i | i » » i i . , ^ m    n r ^ iw in  III i > ■h h ih ;> w » w w > » . i i i i  % m m  »m  ■■.... ............. ...............
N
HENm B  ON THE OgPUQTIVITY OE SILVER 
PI5RCHL0RATE IN ACBTONEJ.
. . .  .........  .   ,_v..................................
P a g e ,
( i )  H i s t o r i c a l .  . . . . . . . . . . . . . . ............***93*
( i i ) .  E x p e r im e n ta l .    .......... . . . 9 6 .
( i i i ) .  D i s c u s s i o n .  . . . . . . . . . .............. . 0 . . I I 3 .
( i v ) .  C o n c lu s io n s .  . 0 0 . „ #118*
-  0000O 0000^
SECTION J i . m 
THE CONDUCTIVITY OE SILVER PERCHLORATE IN
PURE AND BINARY MIXTURES OE ACETONES,
CYCLOHSXANQNB AND ISO-BUTYL ALCOHOL.
Page*
( i )  H i s t o r i c a l .   ................... .122*
( i i )  E x p e r i m e n t a l .  . . . . . . . . . . . . . . . . . . 1 2 5 *
( i i i )  D i s c u s s i o n .   ............  .143*
( i v )  C o n c lu s i  o n s .  .145*
-  ooooOoooo-
1*
G l*R A l4 INTRODUCTION.
The g e n e r a l  t h e o r y  f o r  t h e  b e h a v io u r  o f  e l e c t r o l y t e ®  i n  
s o l v e n t s  c a n  be  sum m arised  a s  f o l l o w s .  I o n  a s s o c i a t i o n  
i n c r e a s e s  a s  t h e  d i e l e c t r i c  c o n s t a n t  d e c r e a s e s  and  t h e  s i ^ e  o f  
th e  s o l u t e  i o n s  d e c r e a s e s ,  w h i l e  th e  m o b i l i t y  o f  t h e  i o n s  
i n c r e a s e s  w i t h  d e c r e a s e  i n  th e  v i s c o s i t y  o f  th e  s o l v e n t  a n d  d f  
t h e  s i ^ e  o f  th e  i o n s .  E o r  a n y  g i v e n  e l e c t r o l y t e ,  i o n  p a i r s  
become u n s t a b l e  and  i o n  a s s o c i a t i o n  n e g l i g i b l e  f o r  s o l u t i o n s  
i n  s o l v e n t s  having , d i e l e c t r i c  c o n s t a n t s  ab o v e  a  c e r t a i n  v a l u e  
(Dawson, N ew e ll  a n d  KcG-reary, X ) •
T h is  t h e o r y  a s  b a s e d  on a n  i d e a l  m odel o f  a  s p h e r i c a l  i o n  
i n  a  c o n t in u o u s  s o l v e n t  medium w h ich  i s  c h a r a c t e r i s e d  b y  i t s  
b u l l  d i e l e c t r i c  c o n s t a n t  a n d  v i s c o s i t y .  D e v i a t i o n s  from  
c o n f o r m i ty  w i t h  t h i s  i d e a l  on  t h e  p a r t  o f  e x p e r i m e n t a l  d a t a  
ar®  u s u a l l y  due t o  n o n c o n t i n u i  t y  o f  th e  s o l v e n t  a n d / o r  
s o l v e n t - i o n  i n t e r a c t i o n ,  r a t h e r  t h a n  t h e  n o n s p h e r i e a l  n a t u r e
o f  a n y  i o n s  i n v o l v e d .  '
I n  1925 , Debye and  P a u l i n g  ( 2 ) ,  d u r in g  a n  i n v e s t i g a t i o n  
o f  t h e  e f f e c t s  o f  v a r i a t i o n s ,  i n  d i e l e c t r i c  c o n s t a n t  on  th e  
l i m i t i n g  law  f o r  th e  a c t i v i t y  c o e f f i c i e n t  i n  d i l u t e  s o l u t i o n s ,  
c o n c lu d e d  t h a t  f o r  t h e  m odel o f  a n  i o n  im m e d ia te ly  s u r r o u n d e d  
by  a  r e g i o n  w i t h i n  w h ich  t h e  d i e l e c t r i c  c o n s t a n t  was a  r a p i d l y  
v a r y i n g  q u a n t i t y  b u t  b e y o n d  w h ic h  i t  was c o n s t a n t ,  t h e  law  was
2 .
n o t  g r e a t l y  a f f e c t e d .  A y e a r  l a t e r ,  Webb (3 * 4 )  d ed u ced  a  
r e l a t i o n s h i p  f o r  th e  v a r i a t i o n  o f  th e  d i e l e c t r i c  c o n s t a n t  i n  
th e  im m e d ia te  v i c i n i t y  o f  a n  i o n  a n d  fo u n d  t h a t  f o r  aq u eo u s  
s o l u t i o n s  i t  d e c re a s e s ;  r a p i d l y  c l o s e  t o  t h e  i o n .  S in c e  t h e n  
t h i s  r e l a t i o n s h i p  has. h e e n  l a r g e l y  c o n f i rm e d  by  H a s t e d ,  B i t s  on 
and  C o l l i e  ( 5 ) and  h e n ce  i t  i s  t o  he  e x p e c te d  t h a t  r e s u l t s  
c a l c u l a t e d  u s in g  th e  h u l k  d i e l e c t r i c  c o n s t a n t  w ould  he 
i n c o n s i s t e n t  w i t h  th e  t h e o r y  i n  many i n s t a n c e s ,
Sadek  a n d  f u o s s  ( 6 ) ,  i n  a n  i n v e s t i g a t i o n  i n t o  t h e  e f f e c t s  
o f  a o l v e n t ~ i o n  i n t e r a c t i o n ,  ■ fo u n d  t h a t  t h e  same e l e c t r o l y t e  
e x h i b i t e d  d i f f e r e n t  d i s s o c i a t i o n  c o n s t a n t s  i n  s o l v e n t s  having: 
th e  same h u l k  d i e l e c t r i c  c o n s t a n t .  They c o n c lu d e d  t h a t  a  
c o n t in u o u s  s o l v e n t  medium d e s c r i b e d  by  a  h u l k  d i e l e c t r i c  
c o n s t a n t  was i n a d e q u a t e  t o  r e p r e s e n t  t h e s e  sy s te m s  
e l e c t r o s t a t i c a l l y  a n d  t h a t  th e  m o b i l i t i e s  t h e y  o b s e rv e d  a l s o  
c o n f l i c t e d  w i t h  t h e  c o n t in u o u s  v i s c o u s ^ o f  t h e  s o l v e n t .  W alden 
( 7 , 8 ) « . d  t „ s  v a r i a t i o n  d  t t e  p r o d u c t  A 0 ?  a .  a  a t
th e  e x t e n t  t o  w h ich  th e  i o n i c  r a d i u s  ch an ges  i n  d i f f e r e n t  
s o l v e n t s .
I t  i s  known thaTi th e  q u a s i - c r y s t a l l i n e  s t r u c t u r e  o f  w a t e r  
i s  b ro k e n  down i n  th e  v i c i n i t y  o f  a n  i o n  ( B e r n a l  and  F o w le r ,  9 , 
1 0 ) ,  a n d  hence  i t  i s  q u i t e  l i k e l y  t h a t  t h e  d i e l e c t r i c  c o n s t a n t  
and  v i s c o s i t y  a s s o c i a t e d  w i t h  t h i s  ty p e  o f  s t r u c t u r e  w i l l  n o t
3.
h o ld  f o r  th e  s m a l l  r e g i o n  s u r r o u n d i n g  a n  i o n  and  a r e  n o t  t h e  
v a lu e s  t h a t  s h o u ld  he a p p l ie d ,  i n  th e  t r e a t m e n t  o f  aq ueou s  
s o l u t i o n !  o f  e l e c t r o l y t e s . *  T h is  may a p p l y  t o  o t h e r  s o l v e n t s  
a l s o *  s i n c e  t h e r e  i s  e v id e n c e  t h a t  q u a s i - c r y s t a l l i n e  s t r u c t u r e s  
a r e  n o t  r e s t r i c t e d  t o  th e  e a s e  o f  w a te r*
The m a jo r  c a u se  o f  m o d i f i c a t i o n  o f  a  s o l v e n t  c lo s e  t o  a n  
i o n  and  h e n ce  f a i l u r e  o f  t h e  t h e o r e t i c a l  m o d e l ,  i s  s p e c i f i c  
i n t e r a c t i o n  b e tw e e n  th e  s o l u t e  and  s o l v e n t*  I n t e r a c t i o n  
t h i s  ty p e  c a n  t a l e  t h r e e  p o s s i b l e  f o r m s ,  ( a )  th e  f o r m a t i o n  o f  
s t o i c h i o m e t r i c  c o m p le x e s ,  (b )  th e  f o r m a t i o n  o f  l o o s e  a g g r e g a t e s  
o f  s o l v e n t  m o l e c u l e s  w h ic h  t h e  i o n  t e n d s  t o  d ra g  w i t h  i t  a s  i t  
moves th ro u g h  t h e  s o l u t i o n ,  and  ( c )  a  c o m b in a t io n  o f  b o t h  ( a )  
a n d  (b )*  The e f f e c t s  o f  ( a ) ,  ( b)  a n d  ( c )  w i l l  be  t o  i n c r e a s e  
th e  hyd rod ynam ic  r a d i u s ,  fo u n d  b y  a s s u m in g  S t o l e s  Law t o  h o ld  
f o r  p a r t i c ^ l e s  o f  i o n i c  s i z e ,  f ro m  one s o l v e n t  t o  a n o th e r #
T h e  s i z e  o f  t h e  e l e c t r o s t a t i c a l l y  e q u i v a l e n t  s p h e r e  s h o u ld  a l s o  
v a r y  i n  a  s i m i l a r  m anner i f  t h e  s o l v a t i o n  is. s e l e c t i v e  th o u g h  
th e  s i x e s  o f  t h e  h y d ro d y n a m ic a l ly  an d  e l e c t r o s t a t i c a l l y  
e q u i v a l e n t  s p h e r e s  w i l l  n o t  be t h e  same n u m e r i c a l l y ,  
p a r t i c u l a r l y  i f  s o l v e n t  m o le c u le s  a r e  e x p e l l e d  on t h e  f o r m a t i o n  
o f  i o n  p a i r s .
I n  1949  Bocikris (1 1 )  s u g g e s t e d  t h a t  s o l v a t i o n  of t h e  ty p e  
( a )  w here  t h e  s o l v e n t  m o le c u l e s  move a s  one e n t i t y  w i t h  t h e
4.
i o n ,  s h o u ld  b e  te rm e d  wp r in ]a 2y  s o l v a t i o n * 1,  and  t h a t  a l l  g th e y  
form s off s o l v a t i o n  c o u ld  b e  c o v e re d  by  t h e  te rm  Hs e c o n d a r y  
s o l v a t i o n " .  G urney  (1 2 )  has  c r i t i c i s e d  t h e  v iew  t h a t  a  
s o l v a t e d  i o n  c a n  be c o n s i d e r e d  a s  a  s p h e r e  w i t h i n  w h ich  t h e  
s o l v e n t  m o l e c u l e s  a r e  f i r m l y  a t t a c h e d  t o  t h e  i o n ,  a n d  c o n s i d e r s
I
t h a t  t h e  term ; a o l v a t i o n  s h o u l d  a p p l y  t o  t h e  t o t a l  i n t e r a c t i o n  
b e tw e e n  t h e  io n s  a n d  th e  s o l v e n t .  I t  i s  u n d o u b te d ly  t r u e  t h a t  
t h e r e  a r e  few, c a s e s  w here  th e  i n n e r  s h e a t h  o f  s o l v e n t  m o le c u le s  j 
i s  p e rm a n e n t  i n  t h e  lo n g  te rm  s e n s e *  s u c h  s o l v a t i o n  p o s s i b l y  j 
i n v o l v i n g  t h e  f o r m a t i o n  o f  c o - o r d i n a t e  l i n k s ,  (H u n t and  T ra u b e ,  |
13 , 1 4 ) .  !
/  I
I n  a n  i n v e s t i g a t i o n  i n t o  t h e  b e h a v i o u r  o f  s i l v e r  n i t r a t e  j!
I n  a  v a r i e t y  o f  m ix e d  s o l v e n t s  o v e r  t h e  c o m p le te  s o l v e n t  
c o m p o s i t i o n  r a n g e ,  G r i f f i t h s  ( 1 5 ) fo u n d  t h a t  t h e  m i x t u r e s  
s t u d i e d  f e l l  i n t o  two g r o u p s .  I n  m ix t u r e s  c o n t a i n i n g  p y r i d i n e  
a s  a  com ponent i t  was p o s s i b l e  t o  e x p l a i n  t h e  o b s e rv e d  e f f e c t s  
on t h e  b a s i s  o f  t h e  f o r m a t i o n  off a  com plex  i o n  off g r e a t l y  |
r e d u c e d  m o b i l i t y  w i t h  a n  accom pan y ing  t e n d e n c y  f o r  t h e  j
d i s s o c i a t i o n  o f  th e  e l e c t r o l y t e  t o  i n c r e a s e *  Hence a n  i n c r e a s e  I 
o r  a  d e c r e a s e  i n  c o n d u c t i v i t y  may be  o b s e r v e d  f o r  s i l v e r  n i t r a t e  
i n  a  b i n a r y  s o l v e n t  m i x t u r e  and  a n o t h e r  com ponent r e p r e s e n t e d  
by  (a),  o v e r  t h a t  h o l d i n g  i n  p u r e  ( S ) ,  d e p e n d in g  on t h e  
d i s s o c i a t i o n  o f  th e  e l e c t r o l y t e  i n  p u r e  (S) *  The o t h e r  g r o u p ,
i n  w h ich  were fo u n d  a q u eo u s  e t h a n c l ,  . ^ i a x a n ,  and  a c e t o n e ,  a l l  
e x h i b i t e d  a  maximum i n  t h e  f u n c t i o n  A / y  o a t  a  c o n c e n t r a t i o n  
o f  th e  o r g a n i c  s o l v e n t  o f  a p p ro x im a te ly /  1 0  mol* % a s  had  a l s o  
b e e n  o b se rv e d  b y  C o n n e l l ,  H a m il to n  an d  B u t l e r  ( l 6 ) f o r  
p o t a s s iu m  i o d i d e  and  l i t h i u m  c h lo r i d e *  The e x p l a n a t i o n  o f f e r e d  
by  G r i f f i t h s  was t h a t  t h e r e  v/as a  v a r i a b l e  s o l v e n t  s h e a t h  
fo rm ed  w h ich  was p r e d o m i n a n t l y  a q u eo u s  i n  t h e  p r o x i m i t y  c f  a n  
i o n  due t o  p r e f e r e n t i a l  s o l v a t i o n  o f  t h e  c a t i o n  by  w a t e r  
m o le c u l e s ,  and  w h ich  was f o l lo w e d  by  r e g i o n s  w here  t h e  
c o n c e n t r a t i o n  o f  th e  o r g a n ic  s o l v e n t  i n c r e a s e s  u n t i l  th e  b u l k  
c o m p o s i t io n  i s  r e a c h e d .  Hence t h e  b u lk  v i s c o s i t y  i s  n o t  
a p p l i c a b l e  f o r  s u c h  s o l u t i o n s  and  t h i s  i s  r e f l e c t e d  i n  t h e  
i o n i c  m o b i l i t y .  The te n d e n c y  f o r  th e  o p e r a t i v e  v a lu e  o f  t h e  
d i e l e c t r i c  c o n s t a n t  t o  d i f f e r  f rom  t h a t  o f  t h e  b u l k  s o l u t i o n  
may a l s o  c a u se  some v a r i a t i o n  i n  th e  d i s s o c i a t i o n *
As a  r e s u l t  o f a n  i n v e s t i g a t i o n  i n t o  th e  e f f e c t  o f  th e  
s o l v e n t  on t h e  i o n - a s s o c i a t i o n  p r o c e s s ,  S ad ek  a n d  P u o ss  ( 1 7 ) 
p ro p o s e d  a  t e n t a t i v e  s o l u t i o n  t o  th e  p ro b le m  w h ic h  in v o lv e d  
th e  b reak dow n  of th e  s o l v e n t  s t r u c t u r e  ro u n d  th e  ion*  They 
v i s u a l i s e d  th e  f o r m a t i o n  o f  a n  i o n - p a i r  a s  th e  a p p r o a c h  o f  two 
io n s  t h r o u g h  th e  s o l v e n t  u n t i l  oBly one s o l v e n t  m o le c u le  
s e p a r a t e s  them* A f u r t h e r  d i s c r e t e  s t e p  i s  r e q u i r e d  f o r  t h e  
e x p u l s i o n  o f  t h i s  m o le c u le *  I t  was p o i n t e d  o u t  t h a t  f o r  t h i s  
p r o c e s s ,  t h e  d i e l e c t r i c  c o n s t a n t  w ould  v a r y  from  t h e  b u l k  v a lu e
t o  t h e  e l e c t r i c a l  s a t u r a t i o n  v a lu e  a s  th e  two io n s  a p p ro a c h e d  
e a c h  o th e r*  G runw ald  (1 8 )  has d i s c u s s e d  th e  f a c t  t h a t  th e  
rem o v a l  o f th e  l a s t  s o l v a t e  m o le c u le  w i l l  need  v e r y  
c o n s i d e r a b l e  e n e rg y  and t h a t  i n  p o l a r  s o l v e n t s  th e  io n s  w i l l  
have s o l v a t i o n  s h e l l s ,  th e  r a d i i  o f w h ich  have b e e n  e s t im a t e d  
t o  be a b o u t  5 R f o r  t y p i c a l  u n i v a l e n t  i o n s ,  ( B a r c a r e l l a ,  F in c h  
and  G runw ald , 19)* Thus, when th e  i n t e r - i o n i c  d i s t a n c e  i s  l e s s  
t h a n  10 A ? th e  s o l v a t i o n  s h e l l s  w i l l  o v e r l a p  a t  th e  ex p en se  of 
s o l v a t i o n  e n e rg y ,  s i n c e  s o l v e n t  m o le c u le s  a r e  s e t  f r e e .  T h is  
e n e rg y  change  may w e l l  go  t o  o f f s e t  t h e  e f f e c t  of c h a n g in g  
d i e l e c t r i c  c o n s t a n t  n e a r  t h e  i o n  due t o  e l e c t r i c a l  s a t u r a t i o n  
th o u g h  th e  n e t  e f f e c t  i s  d i f f i c u l t  t o  p r e d i c t .
v ' G r i f f i t h s  and  L aw rence  ( 20 ,  2 1 , 22)  s t u d i e d  th e  b e h a v io u r  
of s i l v e r  n i t r a t e  i n  a  l a r g e  v a r i e t y  o f p u re  and m ixed s o l v e n t s .  
I n  p a r t i c u l a r  th e y  chose  b i n a r y  s o l v e n t  m ix t u r e s  c o n t a i n i n g  a  
s m a l l  p r o p o r t i o n  o f  a n  o r g a n ic  b ase  a s  one com ponent b e c a u se  i t  
was known t h a t  t h e s e  com plex r e a d i l y  w i t h  s i l v e r  i o n s ,  i n  t h i s  
way th e y  i n v e s t i g a t e d  th e  e f f e c t s  o f v a r i a t i o n s  i n  i o n i c  s i z e
on th e  d i s s o c i a t i o n  of th e  s a l t .  They c o n c lu d e d  t h a t  t o  some
/ '  . .
e x t e n t  th e  d i s s o c i a t i o n  o f  th e  e l e c t o l y t e  was g o v e rn e d  by th e  
i o n i c  s i z e ,  b u t  t h a t  th e  s t r e n g t h s  o f  th e  b a sa s  u sed  was a l s o  
o f c o n s i d e r a b l e  im p o r t a n c e .  They f u r t h e r  s t u d i e d  th e  
c o n d u c t io m e t r i c  b e h a v io u r  o f  th e  same s a l t  i n  some p u re  and  
m ixed s o l v e n t s  h a v in g  s i m i l a r  d i e l e c t r i c  c o n s t a n t s  b u t  w i t h
w id e ly  d i f f e r e n t  s o l v e n t - i o n  i n t e r a c t i o n  p r o p e r t i e s ,  and  a l s o  
i n  f o u r  h y d r o x y l i c  s o l v e n t s  w h ich  showed c o n s i d e r a b l e  v a r i a t i o n  
i n  d i e l e c t r i c  c o n s ta n t*  They fo u nd  t h a t  f o r  th e  fo rm e r  
s o l v e n t s  a  c o n s i d e r a b l e  v a r i a t i o n  i n  s o l v e n t - i o n  i n t e r a c t i o n  
d  a s  i n d i c a t e d  by  th e  d i s t a n c e  o f  c l o s e s t  a p p r o a c h  o f  
th e  i o n s  and by  th e  W alden p r o d u c t s .  I n  th e  ca se  o f  t h e  f o u r  
h y d r o x y l i c  s o l v e n t s  t h e  e l e c t r o l y t e  d i s s o c i a t i o n  i n  t h e  p u r e  
s o l v e n t s  a p p e a re d  t o  be c o n t r o l l e d  m a in ly  by th e  b u l k  
d i e l e c t r i c  c o n s t a n t  j  b u t  t h a t  f o r  b i n a r y  m ix t u r e s  o f  t h e s e  
s o l v e n t s  a  more complex r e l a t i o n s h i p  may h o ld  an d  t h a t  t h i s  i s  
p r o b a b ly  due t o  p r e f e r e n t i a l  s o l v a t i o n  by  one s o l v e n t  
com ponen t,
#
One o f  th e  p r i n c i p a l  d i s a d v a n t a g e s  e n c o u n te r e d  by
G r i f f i t h s  and  L aw rence  w as t h a t  s i l v e r  n i t r a t e  b e h a v e s  a s  a n
*
e x t r e m e ly  weak e l e c t r o l y t e ,  i n  many s o l v e n t s .  T h is  l e d  t o  
com plex c o n d u c t i c m e t r i c  e f f e c t s  s i n c e  a n  i n c r e a s e  i n  th e  r a d i u s  
of th e  c a t i o n ,  a l t h o u g h  r e d u c in g  th e  i o n i c  m o b i l i t y ,  c a u s e s  a n  
o v e r a l l  i n c r e a s e  i n  c o n d u c t i v i t y  due t o  th e  r e l a t i v e l y  l a r g e  
i n c r e a s e  i n  t h e  d i s s o c i a t i o n  c o n s t a n t  b r o u g h t  a b o u t  by th e  
i n c r e a s e  i n  th e  d i s t a n c e  o f  c l o s e s t  A p p ro a c h  o f  th e  i o n s .
The p r e s e n t  i n v e s t i g a t i o n  was d e s ig n e d  t o  f u r n i s h  f u r t h e r  
i n f o r m a t i o n  r e g a r d i n g  th e  b e h a v i o u r  o f  u n i - u n i v a l e n t  
e l e c t r o l y t e s ,  i n  o r g a n ic  and  m ixed  s o l v e n t s  i n  th e  forma o f  a n  
e x t e n s i o n  o f  th e  w ork o f  G r i f f i t h s  and  L a w re n c e ,  S i l v e r  s a l t s
occu re
8.
were a g a i n  c h o s e n  b e c a u se  of t h e i r  s o l u b i l i t y  i n  a  l a r g e  
v a r i e t y  o f o r g a n ic  s o l v e n t s  and  t h e  e l e c t r o p h y l i c  n a t u r e  of 
th e  c a t io n *  I n  p a r t i c u l a r  s i l v e r  p e r c h l o r a t e  was c h o s e n  f o r  
m o st  o f  th e  i n v e s t i g a t i o n s  made b e c a u s e  i t  i s  h i g h l y  
d i s s o c i a t e d !  i n m o s t  so lven ts- ,  i n  w h ich  i t  i s  s o l u b l e ,  th u s  
a v o id i n g  th e  complex, i n t e r p r e t a t i o n  o f  th e  e x p e r i m e n t a l  
r e s u l t s  t h a t  was fo u n d  n ^ e e s s a r y  by  G r i f f i t h s  and  Lawrence®
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APPARATUS 1 AND W W 1 M W T A L  TECHNIQUE,
( i )  M easu rem en t o f  R e s i s t a n c e .
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( a )  D e s c r i p t i o n  o f  B r id g e
The c o n v e n t i o n a l  W h ea ts to n e  
B r id g e  m ethod  was em ployed f o r  th e  m easu rem en t o f  r e s i s t a n c e  
( E T G . l . ) .
A s t r a i g h t  m e tre  w i r e ,  AB, o f t o t a l  r e s i s t a n c e  a b o u t  10 
ohms, w i t h  end r e s i s t a n c e s  r-^ and  r 2 , e a c h  o f  45 ohms, fo rm ed 
th e  r a t i o  a im s o f  t h e  b r i d g e .  One o f  th e  end r e s i s t a n c e s  r-^, 
c o u ld  be s h o r t e d  o u t .  The s l i d i n g  c o n t a c t  C, c o n s i s t e d  o f  a  
g l a s e  cube a ro u n d  w hioh  a  s i n g l e  s t r a n d  o f  w ire  was t i g h t l y  
f ix e d *  T h is  c o u ld  be p l a c e d  a t  r i g h t  a n g le s  t o ,  and  i n  
c o n t a c t  w i t h ,  th e  b r i d g e  w i r e ,  th e  p o i n t  o f  c o n t a c t  b e in g  r e a d  
th ro u g h  th e  g l a s s  t o  w i t h i n  0*2  mm* and was r e p r o d u c e a b l e  t o  
w i t h i n  0 .4  mm.
The v a r i a b l e  r e s i s t a n c e  X, was made up o f  two r e s i s t a n c e  
b o x e s ,  xx  and  x 2 , connected! i n  s e r i e s .  The box  xx was a  
S u l l i v a n  n o n - r e a c t i v e  d e c a d e  r e s i s t a n c e  box o f  0 . 1$  g r a d e ,  
h a v in g  a  t o t a l  r e s i s t a n c e  of 1 1 , 1 1 1 .1  ohms i n  0*01  ohm s t a g e s ,
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and  was c a l i b r a t e d  a g a i n s t  a  b o x  w h ich  load b e e n  c a l i b r a t e d  by  
t h e  N a t i o n a l  P h y s i c s  L a b o r a to r y *  x 2 was a  s i n g l e  d e c a d e  box 
w i t h  t o t a l  r e s i s t a n c e  1 0 0 ,0 0 0  ohms i n  1 0 ,0 0 0  ohm s t a g e s *
C o n n e c ted  i n  p a r a l l e l  w i t h  X was a  v a r i a b l e ,  s t a b l e  m ic a ,  
c o n d e n s e r ,  M, w h ich  had a  c o n t in u o u s  ra n g e  up t o  0 * 1^3?  t o  
com pensa te  f o r  b r id g e  and  c e l l  c a p a c i t i e s .  T here  was a l s o  
a n o t h e r  v a r i a b l e  c o n d e n s e r  o f  maximum c a p a c i t a n c e  0*005 
c o n n e c te d  i n  p a r a l l e l  w i t h  th e  c e l l  i n  o r d e r  t o  b a la n c e  o u t  t h e  
r e s i d u a l  c a p a c i t a n c e  o f  X* However i t  was v e r y  r a r e l y  fou nd  
3je c e s sa |? y  t o  u s e  t h i s  second* c a p a c i t a n c e  b.ox»
The o s c i l l a t o r  and  d e t e c t o r  (L) w ere  i n c o r p o r a t e d  i n  one 
i n s t r u m e n t  s u p p l i e d  by  A irm ec  L a b o r a t o r i e s  L td*  The H a r t l e y  
o s c i l l a t o r  i n c l u d e d  i n  t h i s  I n s t r u m e n t ,  p r o v i d e d  a n  o u tp u t  
v o l t a g e  o f  good s in e -w a v e  fo rm  a t  a  f r e q u e n c y  o f  1 , 5 ° 0  c y c l e s  
p e r  second*  The d e t e c t o r  u n i t  c o n s i s t e d  o f  a  two s t a g e  
a m p l i f i e r ,  th e  r e c t i f i e d  o u tp u t  from  w h ich  o p e r a t e d  a  n u l l -  
r e a d i n g  m icroammeter® E a r t h i n g  of th e  b r id g e  w a s . fo u n d  t o  be 
u n n e c e s s a r y  b u t  th e  a m p l i f i e r  i n p u t  l e a d  was s c r e e n e d *
A r e v e r s i n g ,  s w i t c h  made i t  p o s s i b l e  t o  i n t e r c h a n g e  th e  
p o s i t i o n s  o f  th e  c e l l  and  r e s i s t a n c e  w i t h  r e s p e c t  t o  th e  b r i d g e  
w i r e ,  th u s  m in im is in g  end e r r o r s *  A l l  c o n n e c t io n s  w ere made 
u s i n g  h e a v y  g<&*ge c o p p e r  w i r e ,  th e  r e s i s t a n c e  o f  w h ich  was 
n e g le c t e d *  C o n n e c t io n s  t o  t h e  c e l l  were made th r o u g h  m e rc u ry
cups immersed! i n  t h e  t h e r m o s t a t ,  t h u s  p r e v e n t i n g  t h e r m o e l e c t r i c  
R * s »
(To) Use of th e  B r id g e s -
The e l e c t r i c a l  c e n t r e  o f  th e  b r i d g e
wi r e  v/as d e te r m in e d  e a c h  tim e  a . r e s i s t a n c e  was m e a s u re d .  T h is  
was done by b a l a n c i n g  th e  b r i d g e  w i t h  th e  c o n t a c t  0 n e a r  th e  
g e o m e t r i c  c e n t r e  o f th e  b r i d g e  w i r e ,  by a d j u s t i n g  X. The 
p o s i t i o n s  of th e  c e l l  and th e  r e s i s t a n c e  X w ere t h e n  r e v e r s e d  
by means of t h e  r e v e r s i n g  k e y  and a  new b a la n c e  o b ta in e d  by 
m oving 0 and k e e p in g  X c o n s t a n t .  0  was t h e n  p l a c e d  a t  th e  m ean 
o f  th e  tvtfo p o s i t i o n s  and a  b a la n c e  a c h ie v e d  by  a d j u s t i n g  X, th e  
f i n a l  r e a d i n g  o f  w h ic h  was a c c e p t e d  a s  th e  r e s i s t a n c e  o f  th e
c e l l .
B or m ea su re m e n t  o f  r e s i s t a n c e s  g r e a t e r  t h a n  1 0 0 ,0 0 0  ohms,
th e  Ms h o r t e d  b r i d g e ” t e c h n iq u e  was u s e d .  T h is  i n v o lv e s  s h o r t i n g
o u t  th e  end r e s i s t a n c e  r i  and  c a l i b r a t i n g  t h e  b r i d g e  a s  f o l l o w s
The c e l l  was r e p l a c e d  b y  a  r e s i s t a n c e  box. R, c a l i b r a t e d  b y  th e
1C
N . E . l .  • F o r  v a r io u s ;  v a lu e s  o f  t h e  r a t i o  / E ,  b a la n ce ,  p o i n t s  on 
t h e  b r i d g e  wares d e te r m in e d ,  v a lu e s  o f  t h e  r a t i o  b e i n g  c h o s e n  s o  
t h a t  t h e  b a l a n c e  p o i n t s  r a n g e d  o v e r  th e  e n t i r e  l e n g t h  o f  t h e  
b r i d g e  w i r e .  A. g r a p h  o f  /&  a g a i n s t  t h e  b r i d g e  r e a d i n g  ( l )  was 
fo u n d  t o  b e  l i n e a r  o v e r  t h e  r a n g e  1=25  t o  1=75 and  s l o p e  
and  i n t e r c e p t  w ere  fo u n d  by  th e  m ethod  o f  l e a s t  s q u a r e s .  The
13*
c o n s t a n t s  M and  P i n  t h e  f o l lo w in g  r e l a t i o n s h i p  w ere  t h u s  fo u n d
By t h i s  methods i t  was p o s s i b l e  t o  m ea su re  r e s i s t a n c e s  o f  up t o  
5  megohms t o  a n  a c c u r a c y  o f  0 *1 The c e l l  c o n s t a n t s  o f  th e  
c e l l s  u s e d  w ere  o f  s u c h  a n  o r d e r  t h a t  i t  was o n ly  fo un d  
n e c e s s a r y  t o  u se  th e  s h o r t e d  B r id g e  t e c h n iq u e  f o r  s o l v e n t
c o n d u c t i v i t i e s .
( i i )  C o n d u c t i v i t y  C e l l s *
C e l l  A s-
T h is  c e l l ,  shown d i a g r a m a t i c a l l y  i n  PIG* 2 . ,  was 
o f  t h e  H a r t l e y - B a r r e t t  ty p e  ( 2 3 ) and  was u se d  f o r  th e  m a j o r i t y  
o f  th e  m e a su re m e n ts .  The body  o f  th e  c e l l  was made o f  
t r a n s p a r e n t  s i l i c a  and  th e  cap and  e l e c t r o d e  s u p p o r t s  of 
b o r o s i l i c a t e  g l a s s *  The e l e c t r o d e s  w ere  o f  s t o u t  p l a t i n u m  
c o a te d  w i t h  g r e y  p la t in u m a a n d - w e r e  h e ld  a p a r t  By g l a s s  s p a c e r s  
f i x e d  th r o u g h  s m a l l  ho les ,  i n  th e  c o r n e r s  of t h e  e l e c t r o d e s *
Ho change i n  c e l l  c o n s t a n t  was o b s e rv e d  th r o u g h o u t  i t s  e n t i r e  
use* The B*10 j o i n t  a l lo w e d  a d d i t i o n s  o f  e l e c t r o l y t e  s o l u t i o n  
t o  Be made and  th e  t a p  a l l o w e d  th e  p a s s a g e  o f  d r y  n i t r o g e n  
th r o u g h  th e  c e l l  when r e q u i r e d *  The c a p a c i t y  o f  th e  c e l l  was 
a p p r o x i m a t e ly  $ 0 0  m is*
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C®11 B s-
The s t u d y  o f  c o n d u c t i v i t i e s  i n  e th y l e n e  g l y c o l  was 
r e n d e r e d  d i f f i c u l t  By th e  t e d i o u s  and  tim e consum ing  
p u r i f i c a t i o n  o f  t h e  s o l v e n t .  B o r  t h i s  r e a s o n  c e l l  B, o f  g r e a t l y  
r e d u c e d  c a p a c i t y  ( a p p r o x i m a t e l y  120 m i s , ) ,  was u s e d .  I t  was 
s i m i l a r  i n  d e s i g n  t o  c e l l  A w i t h  th e  e x c e p t i o n  t h a t  th e  
e l e c t r o d e s  w e re  o f  B r i g h t  p la tinum ®
( i i i )  C le a n in g  o f  A p p a r a t u s .
The p r o d u c t s  o f  t h e  r e a c t i o n  Betweuan c o n c e n t r a t e d  n i t r i c  Xt-td  
and  e t h a n o l  w ere  fo u nd  m o s t  s u x ta B le  f o r  c l e a n i n g  th e  g l a s s  
a p p a r a t u s  u s e d ,  s i n c e  t h e y  f u l f i l l e d  t h e  p r i m a r y  r e q u i r e m e n t s  
o f  rem ov ing  g r e a s e  and  o r g a n ic  compounds w i t h o u t  l e a v i n g  a  
l a y e r  o f  a d s o r b e d  m a t e r i a l  on th e  c le a n e d  s u r f a c e .  The 
a p p a r a t u s  was s w i l l e d  o u t  w i t h  e t h a n o l ,  t h e  m a jo r  p o r t i o n  o f  
w h ic h  was t h e n  d i s c a r d e d .  A l i t t l e  c o n c e n t r a t e d  n i t r i c  a c i d  
was t h e n  a d d e d  an d  th e  s o - c a l l e d  H i l d i t c h  r e a c t i o n  B e tw een  t h e  
a c i d  a n d  th e  r e s i d u a l  e t h a n o l  was a l l o w e d  t o  t a k e  p l a c e .  The 
e l e c t r o d e s  o f t h e  c o n d u c t i v i t y  c e l l s  were su sp e n d e d  i n  th e  
v a p o u r  r e s u l t i n g  from  t h i s  r e a c t i o n .  T h is  t r e a t m e n t  was 
r e p e a t e d  s e v e r a l  t im e s  w i t h  i n t e r p o s e d  w a sh in g  w i t h  t a p  w a t e r ,  
and was f o l lo w e d  By th o r o u g h  w a sh in g ,  f i r s t  w i t h  t a p  w a t e r ,  th e n  
w i t h  d i s t i l l e d  w a t e r  and  f i n a l l y  w i t h  c o n d u c t i v i t y  w a t e r .  C e l l s  
w ere  f i l l e d  w i t h  c o n d u c t i v i t y  w a t e r  and  a l lo w e d  t o  s t a n d  f o r  a t
15 • .
l e a s t  48 h o u r s  p r i o r  t o  a  c o n d u c t i v i t y  r u n .  A l l  g l a s s  
a p p a r a t u s  e x c e p t  th e  c e l l  , was d r i e d  i n  a n  a i r  oven a t  120°C. 
The c e l l  was d r i e d  i n  a  vacuum d e s i c c a t o r  u s i n g  a n h y d ro ne  
(Mg(0 1 0 4 )2 ) a s  d e s i c o a n t .  T h is  d r y i n g  p r o c e s s  does  n o t  s u b m i t  
t h e  e l e c t r o d e s  t o  l a r g e  v a r i a t i o n s  i n  t e m p e r a t u r e  w i t h  t h e  
c o n s e q u e n t  e x p a n s i o n  and c o n t r a c t i o n  w h ic h  may cause  changes  
i n  th e  c e l l  c o n s t a n t .
B e f o re  new g l a s s  a p p a r a t u s  was u se d  i t  was s u b j e c t e d  t o  
s e v e r a l  h o u r s  s team in g ,  i n  a n  a t t e m p t  t o  a r t i f i c i a l l y  age  t h e  
g l a s S  e
( i v )  D e t e r m i n a t i o n  of  C e l l  C o n s t a n t .
The c e l l  c o n s t a n t  of  c e l l  A was d e t e r m i n e d  p e r i o d i c a l l y  
f o r  th e  d u r a t i o n  of  t h e  e x p e r i m e n t a l  worh .  I n  t h e  c a se  o f  c e l l  
B w h ic h  was u se d  o v e r  a  c o m p a r a t i v e l y  s h o r t  p e r i o d  of  t ime^ 
o n ly  one i n i t i a l  s e r i e s  of d e t e r m i n a t i o n s  was made.
The c e l l  was f i r s t  b lown o u t  w i t h  d r y  n i t r o g e n  and  t h e n  
good q u a l i t y  c o n d u c t i v i t y  vi/ater was a d d e d ,  th e  mass b e in g  
d e t e r m i n e d  b y  w e ig h in g  th e  c e l l  b e f o r e  and  a f t e r  th e  a d d i t i o n .  
Once t h e r m a l  e q u i l i b r i u m  had b e e n  a t t a i n e d  i n  a n  o i l  
t h e r m o s t a t  no f u r t h e r  change i n - c o n d u c t i v i t y  was o b s e r v e d  e v e n
conductivity
when th e  c e l l  was l e f t  o v e r n i g h t .  Hence th e  so lven t^ ,w as  
assumed t o  r e m a i n  c o n s t a n t  f o r  th e  d u r a t i o n  o f  a ^ d i l u t i o n  . runw
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and was s u b t r a c t e d  f ro m  sub& equen t  c o n d u c t i v i t y  measurement® 
t h u s  a p p l y i n g  a  n o rm a l  s o l v e n t  c o r r e c t i o n .  A s t o c k  s o l u t i o n  
of  a p p r o x i m a t e l y  0 oHi p o t a s s i u m  c h l o r i d e  was a c c u r a t e l y  
p r e p a r e d  hy th e  g e n e r a l  method d e s c r i b e d  i n  th e  n e x t  s e c t i o n .
S m a l l  q u a n t i t i e s  ( a p p r o x i m a t e l y  one gram) o f  t h i s  s t o c k  s o l u t i o n  
were  a d d ed  t o  t h e  c e l l  by means o f  a  w e i g h t  b u r e t t e  and  th e  c e l l  
was s h a k e n  s l i g h t l y  a f t e r  e a c h  a d d i t i o n  t o  e n s u r e  complete 
m ix i n g .  The c o n d u c t i v i t y  was m e a su re d  f o r  e a c h  a d d i t i o n  a f t e r  
a  s h o r t  l a p s e  of  t im e  t o  a l l o w  t h e r m a l  e q u i l i b r i u m  t o  be 
r e a t t a i n e d .  I n  t h i s  way a  s e r i e s  o f  m easu re m e n ts  were  made 
w h ich  e x t e n d e d  o v e r  t h e  c o n c e n t r a t i o n  r a n g e  f o r  w h ic h  th e  c e l l  
was t o  be u s e d .  The c e l l  c o n s t a n t  was d e t e r m i n e d  by  com bin ing  
e a c h  m e a su re d  v a l u e  w i t h  t h e  v a l u e  of  S h e d l o v s k y  (2 4 )  a t  t h e  !j
c o n c e n t r a t i o n ,  a s  c a l c u l a t e d  f rom  t h e  i n t e r p o l a t i o n  f o r m u l a r s -  i
w h ich  a g r e e s  w i t h  t h e  d a t a  of S h e d l o v s k y  ( c o r r e c t e d  t o  th e  
J o n e s  and  Bradshaw s t a n d a r d )  t o  a n  a v e r a g e  of  0 .0 5  c o n d u c t i v i t y  
u n i t s .
E e n c a  t h e  c e l l  c o n s t a n t  (Cc) was g i v e n  b y s -
0 * 0 0 0 9 0 0 0 . (57 )
(Oc) =
x,ooo(VR - VbJ
Whe r e  s-
C = C o n c e n t r a t i o n  i n  gm. e q u i v s . / l i t r e .
17.
~ E q u i v a l e n t  c o n d u c t i v i t y  
R ~ M e asu red  r e s i s t a n c e  o f  t h e  s o l u t i o n *
Hw = M easu red  r e s i s t a n c e  o f  w a te r . -  
The q u a n t i t a t i v e  v a l u e  of  t h e  c e l l  c o n s t a n t  was fou nd  t o  
he i n d e p e n d e n t  o f  t h e  c o n c e n t r a t i o n  o v e r  the. w o rk in g  r a n g e ,  and  
a l s o  o f  t h e  q u a l i t y  o f  the. w a t e r  o v e r  th e  r a n g e  o f  s p e c i f i c  
c o n d u c t i v i t y  f rom  0 . 2  x  10" clans t o  0 .7  x  10“ ohms" . I t  was 
d e p e n d e n t  however ,  on t h e  d e p t h  of t h e  s o l u t i o n  i n  t h e  c e l l  
when t h i s  was be low  a  c e r t a i n  minimum, hence  c a r e  was t a k e n  i n  
a l l  t h e  e x p e r i m e n t a l  " r u n s "  t o  e n s u r e  t h a t  t h i s  minimum d e p t h  
was exceeded*
(v )  T ec h n iqu e  f o r  E x p e r i m e n t a l  wRunsn .
( a )  ’‘d i l u t i o n  R uns” w i t h  P u r e  S o l v e n t s s -
The e s s e n c e  o f  t h e
t e c h n i q u e  u s e d  waSc t o  make s m a l l  a d d i t i o n s  o f  a  s t o c k  s o l u t i o n  
o f  a  s i l v e r  s a l t  t o  a  l a r g e  m ass  o f  t h e  s o l v e n t  c o n t a i n e d  i n  
th e  cellL*
The m ethod  o f  f i l l i n g  t h e  c e l l  i n i t i a l l y ,  depend ed  on t h e  
s o l v e n t ,  used* Xn t h e  c a s e  o f  w a t e r ,  f o r  c e l l  c o n s . t a n t  
m easurement®, t h e  i o n - e x c h a n g e  column u sed  i n  t h e  p u r i f i c a t i o n  
was f i t t e d  w i t h  a  B .7  cone s o  t h a t  a  d raw n  o u t  g l a s s  t u b e  1 
c o u ld  he a t t a c h e d ,  and  i n s e r t e d  i n t o  t h e  c e l l  v i a  t h e  B .10
18
J o i n t *  Hence t b s  w a t e r  was i n t r o d u c e d  w e l l  w i t h i n  t h e  c e l l  
w h ic h  had p rev io u s ,  l y  “been  h i  own o u t  w i t h  d r y  n i t r o g e n  and 
weighed*. As a n  ex't-TS p r e c a u t i o n  i n  t h e  c a s e  o f  c e l l  A, a g a i n s t  
c o n t a m i n a t i o n  o f .  t h e  w a t e r  by  l a b o r a t o r y  a i r ,  a  c o n t i n u a l  
c u r r e n t  of  d r y  n i t v o g e n  was m a in ta in ed ,  t h r o u g h o u t  t h e  a d d i t i o n  
w a t e r  by means of  th e  t a p  i n  th e  p e l l  head*
F o r  o r g a n i c  s o l v e n t s  t h e  t r a n s f e r  v e s s e l  i n d i c a t e d  a s  
FLASK A i n  FIG 3 was used* The p u r e  s o l v e n t  was f r a c t i o n a t e d  
d i r e c t l y  i n t o  t h e  f l a s k  v i a  t h e  J o i n t  V, t h u s  a v o i d i n g  
c o n t a m i n a t i o n  by the. a i r .  The s o l v e n t  c o u ld  t h e n  be  i n t r o d u c e d  
i n t o  th e  c e l l  v i a  th e  l im b  X, w h ich  was i n s e r t e d  i n t o  th e  c e l l  
t h r o u g h  th e  3*10 J o i n t ,  by  a p p l y i n g  a p r e s s u r e  o f  d r y  n i t r o g e n  
a t  t h e  J o i n t  W. The c e l l  was t h e n ' r e w e i g h e d  t o  d e t e r m i n e  th e  
w e i g h t  o f  t h e  s o l v e n t *
(b )  " D i l u t i o n  Buns” w i t h  Mixed S o l v e n t s i -
The s t u d y  of
c o n d u c t i v i t i e s  i n  m ixed  s o l v e n t s  i n v o l v e d  a  s e c o n d  t r a n s f e r  
v e s s e l  i n d i c a t e d  i n  FIG. 3 a s  FLASK B* The s o l v e n t  o f  d e s i r e d  
p h y s i c a l  c o m p o s i t i o n  was p r e p a r e d  i n  t h i s  f l a s k *
The b i n a r y  s o l v e n t  m i x t u r e s  u s e d  wer® o f  two t y p e s ,  one ty p e  
c o m p r i s i n g  t h o s e  where  one component  was p r e s e n t  i n  l a r g e  
e x c e s s  o f  t h e  o t h e r  e * g .  3 %  -  1% m i x t u r e s ,  and t h e  o t h e r  ty p e  
b e i n g  m i x t u r e s  o f  c o m p arab le  p r o p o r t i o n s *  These  w i l l  be d e a l t  
w i t h  s e p a r a t e l y *
U .
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( b j j  Bor  t h e  f o r m e r  t y p e  o f  b i n a r y  s o l v e n t  m i x t u r e ,  t h e  
m a j o r  component was f r a c t i o n a t e d  d i r e c t l y  i n t o  ALASKA a s  
a l r e a d y  d e s c r i b e d .  Brom h e r e  i t  was ” b low n o v e r” i n t o  BLASK B 
v i a  t h e  l im b  Y and th e  j o i n t  M. A known q u a n t i t y  of  t h e  p u r e  
m a j o r  s o l v e n t  component c o u ld  be o b t a i n e d  by t h e  p r o c e s s  o f  
w e ig h in g  th e  BLASK B b e f o r e  and  a f t e r  t h e  t r a n s f e r .  I t  was 
t h e n  p o s s i b l e  t o  c a l c u l a t e  th e  q u a n t i t y  o f  t h e  s e c o n d  m in o r  
component  r e q u i r e d  t o  fo rm  t h e  m i x t u r e  o f  d e s i r e d  c o m p o s i t i o n *  
T h is  q u a n t i t y  was t h e n  add ed  t o  th e  m a j o r  component c o n t a i n e d  
i n  BLASK B, v i a  t h e  j o i n t  M, u s i n g  a  w e i g h t  b u r e t t e *  I t  was 
fo u n d  t h a t  f o r  q u a n t i t i e s  o f  t h e  m i n o r ^ i n  t h e  r e g i o n  o f  4 t o  5 
g ram s ,  a c c u r a t e  a d d i t i o n  t o  w i t h i n  3 o r  4% o f  t h e  r e q u i r e d  
mass p r o v e d  p o s s i b l e ,  s o  t h a t ,  f o r  exam p le ,  t h e  f i n a l  m i x t u r e  
c o n t a i n e d  1 t  0*04%  o f  t h e  m in o r  com ponent .
( b i i )  B i n a r y  s o l v e n t  m i x t u r e s  c o n t a i n i n g  c om p arab le  
p r o p o r t i o n s  of  b o t h  components  were  p r e p a r e d  a s  f o l l o w s .  One 
component was d i s t i l l e d  d i r e c t l y  i n t o  BLASK A and  th e  o t h e r  
i n t o  BLASK B, b o t h  f l a s k s  h a v in g  b e e n  b low n ou t  w i t h  d r y  
n i t r o g e n ,  and  BLASK B h a v in g  b e e n  p r e v i o u s l y  weighed* The 
q u a n t i t y  o f  t h e  component  i n  BLASK B c o u ld  be o b t a i n e d  by 
r e w e i g h i n g ,  and  t h e  q u a n t i t y  o f  t h e  secon d  component  r e q u i r e d  
t o  g i v e  t h e  m i x t u r e  of  d e s i r e d  c o m p o s i t i o n ,  c o u ld  be c a l c u l a t e d ,  
This  q u a n t i t y  o f  the '  component  i n  BLASK A was t h e n  ” b low n  o v e r” 
a s  a l r e a d y  d e s c r i b e d ,  a d d i t i o n s  t o  w i t h i n  3 o r  4% a g a i n  b e in g
p o s s i b l e *
Thus a  b i n a r y  m i x t u r e  was. a lw ay s  p r e p a r e d  i n  t h e  BLASK B 
and was 51 b low n o v e r” i n t o  th e  c e l l  v i a  t h e  l im b  N i n s e r t e d  i n  
t h e  B* 10 j o i n t ,  by  a p p l y i n g  a  p r e s s u r e  o f  d r y  n i t r o g e n  a t  t h e  
j  o i n t  L.
The s o l v e n t ,  w h e t h e r  p u r e  o r  a b i n a r y  m i x t u r e ,  was n e v e r  
t o t a l l y  a d d ed  t o  t h e  c e l l ,  a  s m a l l  q u a n t i t y  (100 -  1J0  m i s . )  
a lw ay s  b e i n g  r e t a i n e d  f o r  th e  p u r p o s e  o f  p r e p a r i n g  th e  s t o c k  
s o l u t i o n *
( c )  P r e p a r a t i o n  o f  S t o c k  S o l u t i o n s * -
The r e s i d u a l  s o l v e n t  
o r  s o l v e n t  m i x t u r e  c o n t a i n e d  i n  a  t r a n s f e r  v e s s e l  a f t e r  t h e  
t r a n s f e r  o f  th e  b u l k  o f  t h i s  s o l v e n t  t o  t h e  c e l l ,  was u b lown 
over"  i n  th e  u s u a l  way, i n t o  a  2 $ 0  m l .  g r a d u a t e d  f l a s k ,  w h ic h
P ‘
was equipped w ith  a t i g h t  f i t t i n g  ground g l a s s  s to p p e r ,  and 
which had p r e v io u s l y  b een  blown out w ith  dry n i t r o g e n  and 
w eighed .
A p p rox im a te ly  0 .1 5  grams of the s i l v e r  s a l t  were w eighed  
out a c c u r a t e l y  u s in g  a m ic r o b a la n c e ,  i n t o  a s m a l l ,  c le a n ,  dry  
w eig h in g  tube by means o f  w e ig h in g  the tube empty and. th en  
a g a in  v^hen c o n ta in in g  th e  s i l v e r  s a l t .  The w e ig h in g  tube had 
a c a p a c i t y  o f  a p p ro x im a te ly  0 * 5  m l s « and was c o n s tr u c te d  from
2 1 .
two s h o r t  l e n g t h s  o f  g l a s s  t u b i n g ,  one p i e c e  b e in g  j u s t  
c a p a b le  o f  f i t t i n g  w i t h i n  t h e  o t h e r .  One end of  e a c h  p i e c e  of 
g l a s s  t u b i n g  was s e a l e d  i n  a  h o t  f l am e  t o  fo rm  a  s m a l l  g l a s s  
c o n t a i n e r  w i t h  a  l o o s e  f i t t i n g  c a p .  G r e a t  c a r e  was t a k e n  i n  
t h e  c a s e  o f  t h e  e x t r e m e l y  h y g r o s c o p i c  s i l v e r  p e r c h l o r a t e ,  t o  
e n s u r e  t h a t  c o n t a m i n a t i o n  o f  t h e  sa l fc  by a t m o s p h e r i c  m o i s t u r e  
was k e p t  a t  a  minimum. T h is  i n v o l v e d  m aking  a l l  w e ig h in g s  on, 
and  a l l  t r a n s f e r s  o f  th e  p u r e  s a l t  f ro m  one c o n t a i n e r  t o  
a n o t h e r  i n ,  a  w e l l  d e s i c c a t e d  m i c r o b a l a n c e *
The w e ig h in g  tu b e  and s i l v e r  s a l t ,  o f  known mass were  
r a p i d l y  ad ded  t o  th e  s o l v e n t  c o n t a i n e d  i n  t h e  g r a d u a t e d  f l a s k .  
The f l a s k  and i t s  c o n t e n t s  were  t h e n  r e  w e ighed  and f rom  a 
knowledge  o f  t h e  v a r i o u s  w e ig h in g s  made,  t o g e t h e r  w i t h  th e  
d e n s i t y  o f  t h e  s o l v e n t ,  t h e  m o l a r i t y  o f  t h e  s o l u t i o n  c o u ld  be 
c a l c u l a t e d .  A g e n t l e  s w i r l i n g  o f  t h e  m i x t u r e  i n  t h e  g r a d u a t e d  
f l a s k  was s u f f i c i e n t  t o  d i s l o d g e  th e  cap of  t h e  w e ig h in g  tu b e  
and t o  d i s s o l v e  t h e  s a l t ,  e x c e p t  i n  t h e  c a s e  of  s i l v e r  n i t r a t e  
i n  p u r e  a c e t o n e  where  c o n t i n u o u s  a g i t a t i o n  o v e r  a  p e r i o d  of  
a b o u t  h a l f  a n  h o u r  was n e c e s s a r y  f o r  d i s s o l u t i o n .  The s t o c k  
s o l u t i o n s  so  p r e p a r e d  were a lw a y s  k e p t  i n  th e  d a r k  when n o t  i n  
im m edia te  u s e .  No d i s c o l o u r a t i o n  of  t h e  s o l u t i o n s - w a s  
o b se rv e d  o v e r  a  few h o u r s  b u t  c o n s i d e r a b l e  d i s c o l o u r a t i o n  
occuDped i f  a n y  a t t e m p t  was made t o  keep  t h e  s o l u t i o n s  o v e r n i g h t .  
S o l u t i o n s  of s i l v e r  n i t r i t e  i n  e t h y l e n e  g l y c o l  were t h e  m o s t
u n s t a b l e  s o l u t i o n s  e n c o u n t e r e d ,  and d e p o s i t i o n  of s i l v e r  on 
t h e  w a l l s  of  th e  g r a d u a t e d  f l a s h  v^as o b s e rv e d  ove r  a  p e r i o d  of 
s e v e r a l  d a y s .
( v i )  T em p era tu re  C o n t r o l .
The c e l l  was s u p p o r t e d  i n  a. b r a s s  f rame i n  a  t h e r m o s t a t
^  *
b a t h  f i l l e d  w i t h  t r a n s f o r m e r  o i l .  T h is  was p r e f e ^ e d  t o  w a t e r  
s i n c e  i t  was S;hown by Jo n e s  and J o s e p h s  (26)  t h a t  t h e  u se  of 
w a te r ,  a s  t h e  t h e r m o s t a t  l i q u i d  may i n t r o d u c e  s e r i o u s  e r r o r s  due 
t o  c a p a c i t y  e f f e c t s .
A t o l u e n e - m e r c u r y  r e g u l a t o r  o p e r a t e d  a  f i l a m e n t  h e a t i n g  
lamp t h r o u g h  a S u n v i c  r e l a y ,  and th e  b a t h  was c o n t i n u a l l y  
b e in g  c o o le d  by a  s low  p a s s a g e  of c o ld  t a p  w a t e r  t h r o u g h  a  
c o i l e d  c o p p e r  p i p e  immersed i n  th e  b a t h .  T h is  l a t t e r  was 
n e c e s s a r y  b e c a u s e  t h e  t h e r m o s t a t  was c o m p l e t e l y  e n c l o s e d  by a  
l a r g e  wooden box w h ich  was m a i n t a i n e d  a t  a p p r o x i m a t e l y  t h e  
same t e m p e r a t u r e  a s  t h e  t h e r m o s t a t ,  so  p r e v e n t i n g  th e  
c o n d e n s a t i o n  of  s o l v e n t  on t h e  i n t e r n a l  s u r f a c e  of  t h e  e x p o sed
ft
cap of  t h e  c e l l ,  and  s u b s e q u e n t  c o n c e n t r a t i o n  e r r o r s .
The t h e r m o s t a t  was s t i r r e d  by a n  e l e c t r i c a l  p a d d l e  s y s t e m .
I n  t h i s  way th e  t e m p e r a t u r e  o f  th e  b a t h ,  a s  i n d i c a t e d  by  a
Beckmann th e r m o m e te r  w h ic h  v^as p e r i o d i c a l l y  checked  a g a i n s t  a n
+ oN .P .L .  c a l i b r a t e d  th e r m o m e te r ,  was 25 -  0 . 0 1  C, and  no
2 3 .
' \  
v a r i a t i o n  was foun d  t o  e x i s t  f rom  one p a r t  of t h e  h a t h  t o  
a n o t h e r .
( v i i )  T /e ight  M e a s u re m e n ts ,
Three  b a l a n c e s  were  u s e d  i n  th e  c o u r s e  of  t h e  work .
1.  A S t a n t o n  A p e r i o d i c  m i c r o b a l a n c e ,  s e n s i t i v e  t o  
0 ,0 0 5  mgm., was u s e d  f o r  l o a d s  up t o  J  gms,
2 .  A S t a n t o n  A p e r i o d i c  a n a l y t i c a l  b a l a n c e ,  s e n s i t i v e  ■ 
t o  0 . 1  mgm,, was u s e d  f o r  l o a d s  up t o  100 gms.
3 . P o r  l o a d s  i n  e x c e s s  o f  100 gms.  a n  O e r t l i n g  b a l a n c e ,  
s e n s i t i v e  t o  0 . 0 1  gm. was used*
The w e ig h ts  used  were c a l ib r a t e d  by the  method o f  
H ishards ( 2 7 ) and the w e ig h ts  on the A p e r io d ic  b a la n c e s  were  
compared d i r e c t l y  w ith  a c a l ib r a t e d  box of a n a l y t i c a l  w e ig h t s .  
A l l  w e ig h in g s  made on the m icro b a la n ce  were vacuum c o r r e c te d *
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PREPARATION AND PURIFICATION OF MATERIALS,
( i )  C o n d u c t i v i t y  W a t e r *
Good q u a l i t y  c o n d u c t i v i t y  v /a t e r  was p r e p a r e d  by p a s s i n g  
d i s t i l l e d  w a t e r  s l o w l y  t h r o u g h  a n  i o n  ex ch a n g e  co lum n.  The 
column, shown i n  PIG, 4 ,  c o n s i s t e d  o f  a  20 cm. co lum n o f  g l a s s  
w h ic h  was p a c k e d  w i t h  a p p r o x i m a t e l y  150 gms. o f  a  m i x t u r e  of  
a n i o n  and  c a t i o n - e x c h a n g e  r e s i n s  (R) s u p p l i e d  by th e  P e r m u t i t  
Co* L t d . ,  u n d e r  t h e  name of  uB i o - D e m i n r o l i t n . The d i s t i l l e d  
w a t e r  was s u p p l i e d  t o  t h e  column a t  a  c o n t r o l l e d  r a t e  by  th e  
r e s e v o i r  ( P ) .  A c o u r s e  s i n t e r e d  d i s c  ( S . D . ) was s e a l e d  i n t o  
t h e  l o w e r  end of  th e  column and  be low t h e  d i s c  were two 
p l a t i n u m  e l e c t r o d e s  ' (IS,IS.) w h ich  s e r v e d  t o  i n d i c a t e  t h e  q u a l i t y  
of  t h e  e f f l u e n t  w a t e r .  A p p r o x i m a t e l y  25  l i t r e s  o f  good q u a l i t y  
d i s t i l l e d  w a t e r  c o u ld  be p a s s e d  t h r o u g h  the column b e f o r e  t h e  
c o h d u c t i v i t y  o f  t h e  e f f l u e n t  w a t e r  r o s e  above  0 .4  gemhos .
The B. 7 cone a l l o w e d  t h e  d i r e c t  a t t a c h m e n t  o f  a p p a r a t u s  
t o  t h e  colum n t h u s  p r e v e n t i n g  p o l l u t i o n  by t h e  l a b o r a t o r y  a i r  
a s  e x p l a i n e d  i n  t h e  l a s t  s e c t i o n .  By t h i s  m e th od ,  w a t e r  o f  
c o n d u c t i v i t y  l e s s  t h a n  0 ,2  gemhos c o u ld  be o b t a i n e d .
( i i )  O r g a n ic  S o l v e n t s .
( a )  Ace to n e  8-
Commercia l  a c e t o n e  was r e f l u x e d  w i t h  
p o t a s s i u m  p e rm a n g a n a te  u n t i l  t h e  p u r p l e  c o l o u r  p e r s i s t e d ,  
u s u a l l y  a  m a t t e r  o f  4 -  5 h o u r s .  I t  was t h e n  d i s t i l l e d  i n t o  
a- W i n c h e s t e r  q u a r t  w h ic h  was one q u a r t e r  f u l l  o f  a n h y d ro u s  
sod ium  s u l p h a t e .  The a c e t o n e  was a l l o w e d  t o  s t a n d  w i t h  
o c c a s i o n a l  s h a k i n g ,  i n  c o n t a c t  w i t h  t h i s  d r y i n g  a g e n t  f o r  
s e v e r a l  d a y s .  P i n a l  p u r i f i c a t i o n  was a c h i e v e d  "by f r a c t i o n a l l y  
d i s t i l l i n g  t h e  s o l v e n t  d i r e c t l y  i n t o  th e  t r a n s f e r  v e s s e l  u s i n g  
a  60  cm. f r a c t i o n a t i n g  column of  a b o u t  20  t h e o r e t i c a l  p l a t e s .  
The f r a c t i o n a t i o n  was c a r e f u l l y  r e g u l a t e d  by u s i n g  a  s i m m e r s t a t  
c o n t r o l l e d  t h e r m o m a n t l e .
E a r l  P i s h e r  d e t e r m i n a t i o n s  ( 2 8 ) o f  t h e  m o i s t u r e .c o n t e n t  
of  t h e  r e s u l t i n g  a c e t o n e  gave  z e r o  v a l u e s  t o  w i t h i n  
e x p e r i m e n t a l  e r r o r .
B o i l i n g  P o i n t . . . . . . . , 5 6 . 2 5 ° ^  a t  760  mm.
S p e c i f i c  c o n d u c t i v i t y  0 .0 2  -  0 .0 4  x  10*"^mhos.
(b )  P y r i d i n e i -
MAnalaB" q u a l i t y  p y r i d i n e  was r e  f l u x e d  w i t h  
p o t a s s i u m  p e rm a n g a n a te  p l u s  a  l i t t l e  p o t a s s i u m  h y d r o x i d e ,  f o r  
s e v e r a l  h o u r s ,  and  d r i e d  o v e r  f r e s h l y  p r e p a r e d  Ba0» I t  was 
f i n a l l y  f r a c t i o n a t e d  u s i n g  a  column 40 cms lo n g  and  v;as s t o r e d
27*
u n d e r  d r y  n i t r o g e n  i n  s e a l e d  ampules*
B o i l i n g  p o i n t ■ * • . . * . • • 1 1 4 * 7 °C 7&0 nun*
R e f r a c t i v e  i n d e x * . 1 ,0 5 0 9 2  a t  20°C.
( c ) ^ ? - P i o o l i n e s ' ^  - B i c o l i n e  and  ^  - C o l l i d i n e g ~
These
compounds were  k i n d l y  d o n a t e d  "by Dr* G r i f f i t h s ,  They had b e e n  
p u r i f i e d  by d i s t i l l a t i o n  u n d e r  r e d u c e d  p r e s s u r e ,  d r y i n g  o v e r  
BaO, and r e d i s t i l l i n g  tw i c e  u n d e r  r e d u c e d  p r e s s u r e  ( a b o u t  20 mm) 
The m id d le  f r a c t i o n  b e in g  r e t a i n e d  e a c h  t i m e .  The s a m p le s  had 
b e e n  s t o r e d  i n  s e a l e d  am pu les  u n d e r  d r y  n i t r o g e n  • 
j Q - p i  c-o l ine B . p t .  14 4 °0* R e f .  i n d e x  1 *5 0 5 8 *
- p i c o l i n e  B , p t ,  143°C* R e f .  i n d e x  1 .5052*
- c o l l i d i n e  B .p t*  , 172°C* R e f .  i n d e x  1*4995*
A l l  b o i l i n g  p o i n t s  a r e  a t  760  mm* and a l l  r e f r a c t i v e  i n d i c e s
a r e  a t  20°C .
(d )  E t h y l e n e  G l y c o l : -
E t h y l e n e  g l y c o l ,  w h ich  was o f  
u l a b o r a t o r y  reagen t '*  q u a l i t y ,  was p u r i f i e d  by t h e  method o f  
Smyth and  W a l l s  ( 2 9 ) •  T h is  e n t a i l s  d i s t i l l i n g  u n d e r  r e d u c e d  
p r e s s u r e ,  d r y i n g  t h e  m id d le  f r a c t i o n  o v e r  a n h y d ro u s  sod ium  
s u l p h a t e  and  t w i c e  r e d i s t i l l i n g ,  t h e  m id d le  f r a c t i o n  b e in g  
r e t a i n e d  e a c h  t i m e .  A l l  d i s t i l l a t i o n s  were c a r r i e d  o u t  u n d e r  
d r y  n i t r o g e n .
28*
B o i l i n g  p o i n t * . . . . . . ,197°C a t  760mm*
R e f r a c t i v e  i n d e x * *1 .4 3 1 8  a t  20°C.
S p e c i f i c  c o n d u c t i v i t y . , 0 .0 2  -  0 .0 6  x  lCf^mhos,
( e )  C yc lohexanone  and  i s o - B u t y l  A l c o h o l s -
The l a b o r a t o r y
wP u r e n r e a g e n t s  we r e  d i s t i l l e d  and th e  m id d le  f r a c t i o n  was 
d r i e d  o v e r  a n h y d ro u s  sod ium  s u l p h a t e .  T h is  was f o l l o w e d  by two 
f u r t h e r  d i s t i l l a t i o n s ,  t h e  m id d le  f r a c t i o n  b e in g  r e t a i n e d  e a c h  
t im e  •
C y c l o h e x a n o n e . , B . p t .  156°C. R e f ,  i n d e x ,  I . 4 5 0 8 ,
S p e c .  Condy.  0 .0 8  x  lCT^mhos.
i s o - B u t y l  A l c o h o l . B . p t ,  108°C* R e f .  i n d e x .  1 . 3 9 6 8 .
S p e c .  Condy. 0 , 1 5  x  10**^mhos.
A l l  b o i l i n g  p o i n t s  a r e  a t  760  mm.
A l l  r e f r a c t i v e  i n d i c e s  a r e  a t  20°C .
A l l  s p e c i f i c  c o n d u c t i v i t i e s  are  a t  25°C .
( f )  D ic y c lo p e n t a d ie n e s -
The c o m m erc ia l  p r o d u c t  was d i s t i l l e d  
u n d e r  vacuum w i t h  g r e a t  c a r e  s i n c e  i t  i s  l i a b l e  t o  p e r o x i d a t i o n  
and may c a u se  v i o l e n t  e x p l o s i o n s .  The d i s t i l l a t e  a o l i f i e d  t o  
a  waxy s o l i d .
M e l t i n g  p o i n t : -  33°C 7^0 mm.
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(g )  C y c l o p e n t a d i e n e a -
P u r e  d i c y c l o p e n t a d i e n e  was h e a t e d  t o  
l 8 0 °C i n  a  d i s t i l l a t i o n  f l a s k  f i t t e d  w i t h  a  10 i n c h  column 
p a c k e d  w i t h  g l a s s  h e l i c e s .  The c r a c k e d  c y c l o p e n t a d i e n e  was 
conden sed  a t  b o i l i n g  p o i n t  40°C i n  t h e  u s u a l  way.  T h is  was t h e n  
r e d i s t i l l e d ,  t h e  f r a c t i o n  b o i l i n g  b e tw e e n  40 and  4 0 . 2 ° 0  b e in g  
a c c e p t e d *
R e f r a c t i v e  i n d e x * . . . .  .1*4447  a ft  20°0*
(h )  B e n z e n e s -
The method  of  R y b ic k a  and  Wynne ^fones ( 3 0 ) 
was used *  A n a la R  b en zen e  was fcihaken w i t h  V$% o f  i t s  volume of 
c o n c e n t r a t e d  & u lp h u r i c  a c i d  f o r  1 -  2 h o u r s ,  t h i s  p r o c e s s  b e in g  
r e p e a t e d  f o u r  t im es*  I t  was t h e n  washed by  a g i t a t i o n  w i t h  10% 
sod ium  c a r b o n a t e  s o l u t i o n  and  s e v e r a l  t im e s  w i t h  w a t e r .  The 
a c t i o n  of t h e  c o n c e n t r a t e d  a c i d  i s  t o  c o n v e r t  t h e  t h i o p h e n e ,  
p r e s e n t  a s  t h e  m a j o r  i m p u r i t y ,  t o - th i o p h e n e - < x r ~ s u l p h o n i c  a c i d  
w h ich  i s  t h e n  removed by th e  w a s h i n g .
. The b e n z e n e - w a t e r  cream r e s u l t i n g  f rom  t h e  w ash in g  was 
d r i e d  by a g i t a t i o n  w i t h  a n h y d ro u s  p o t a s s i u m  s u l p h a t e  and  t h e n  
f r a c t i o n a l l y  d i s t i l l e d  f rom  p h o s p h o r u s  p e n t  o x i d e .  P i n a l  
p u r i f i c a t i o n  was a c h i e v e d  by f r a c t i o n a l l y  f r e e z i n g  o u t  th e  
b e n z e n e .
B . p t .  80°C a t  760  mm. R e f .  i n d e x  1*5012 a t  20°C»
( i )  U i t r  erne t h a n e s -  r
The p r e p a r a t i o n  of  n i t r o n e  t h a n e  i s  g i v e n
i n  d e t a i l  i n  t h e  l i t e r a t u r e ,  b u t  no r e f e r e n c e  i s  made t o  i t s
p u r i f i c a t i o n .  ' I t  was fo u n d  t h a t  on d i s t i l l i n g  t h e  B.D.H.
p r o d u c t , :e x t e n s i v e  d e c o m p o s i t i o n  o ccu red  and t h a t  r e d u c t i o n
of t h e  p r e s s u r e  i n  t h e  a p p a r a t u s ,  i n h i b i t e d ,  b u t  d i d  n o t
p r e v e n t ,  t h i s  d e c o m p o s i t i o n .  Mr. P e a r s o n ,  o f  U n i v e r s i t y
C o l l e g e ,  had a l s o  e n c o u n t e r e d  t h i s  p ro b le m  and  had d i s c o v e r e d
t h a t ,  g e n e r a l l y  s p e a k i n g ,  t h e  p u r i t y  of  good  q u a l i t y
n i t  ro n e  t h a n e  d e c r e a s e d  a s  t h e  number o f  " p u r i f i c a t i o n ” p r o c e s s e s
t o  w h ich  i t  was s u b m i t t e d ,  i n c r e a s e d .  Thus t h e r e  i s  a n  optimum
number of  p r o c e s s e s  s u c h  t h a t  t h e  o r i g i n a l  i m p u r i t i e s  a r e
d e c r e a s e d  b u t  beyond w h ic h  new i m p u r i t i e s  .b e g in  t o  i n c r e a s e .
T h is  number i s  i n  m o s t  c a s e s ,  tw o .  Mr.  P e a r s o n  v e r y  k i n d l y
d o n a te d  s u f f i c i e n t  n i t r o m e t h a n e ,  p u r i f i e d  by one d i s t i l l a t i o n
p r o c e s s  p r e c e d e d  by  one d r y i n g  p r o c e s s ,  f o r  t h e  p u r p o s e  of  t h i s
w ork .
( i i i )  E l e c t r o l y t e s ,
( a )  P o t a s s i u m  C h l o r i d e 8-
A n a la R  p o t a s s i u m  c h l o r i d e  was
r e  c r y s t a l l i s e d  t h r e e  t im e s  f ro m  c o n d u c t i v i t y  w a t e r ,  r e j e c t i n g  
t h e  f i r s t  c r y s t a l s  t o  fornu e a c h  t i m e .  The c r y s t a l s  f rom  t h e  
f i n a l  s o l u t i o n  were  d r a i n e d  a s  f r e e  a s  p o s s i b l e  f rom  t h e  m o t h e r
3i«
l i q u o r  and  d r i e d  i n  a n  a i r  oven  a t  120°C i n  a  p l a t i n u m  d i s h .
The d r i e d  c r y s t a l s  o f  t h i s  and a l l  o t h e r  e l e c t r o l y t e s  u s e d ,  
were s t o r e d  i n  a  vacuum d e s i c c a t o r .
(b )  S i l v e r  N i t r a t e
The p u r e  s i l v e r  n i t r a t e  u s e d  was 
k i n d l y  s u p p l i e d  by D r .  G r i f f i t h s .  I t  had b e e n  p u r i f i e d  i n  t h e  
f o l l o w i n g  m a n n e r .
A n a laR  s i l v e r  n i t r a t e  was r e c r y s t a l l i s e d  f rom  c o n d u c t i v i t y  
w a t e r  c o n t a i n i n g  a  l i t t l e  A n a laR  n i t r i c  a c i d .  The c r y s t a l s  so  
o b t a i n e d  were  f u r t h e r  r e c r y s t a l l i s e d  t h r e e  t im e s  f rom 
c o n d u c t i v i t y  w a t e r  and  d r i e d  and  s t o r e d  a s  a b o v e .
( c )  S i l v e r  P e r & h l o r a t e s -
T h is  p u r i f i c a t i o n  was made 
e x t r e m e l y  d i f f i c u l t  by t h e  f a c t  t h a t  s i l v e r  p e r c h l o r a t e  i s  
e x c e s s i v e l y  s o l u b l e  i n  m oat  p o l a r  s o l v e n t s  and  i s  a l s o  t h e r m a l l y  
u n s t a b l e .  Bor  t h e s e  r e a s o n s  r e c r y s t a l l i s a t i o n  m ethods  d e c r e a s e  
r a t h e r  i n c r e a s e  t h e  p u r i t y  o f  t h e  s a l t  e v e n  f rom  s u c h  s o l v e n t s  
a s  a b s o l u t e  a l c o h o l .  As t h e  s a l t  was s u p p l i e d  i n  a  s t a t e  o f  . 
r e l a t i v e l y  h i g h  p u r i t y  i t  was d e c i d e d  t h a t  f u r t h e r  p u r i f i c a t i o n  
c o u ld  be d i s p e n s e d  w i t h .
(d )  S i l v e r  N i t r i t e s -
A n a la R  s i l v e r  n i t r i t e  was r e c r y s t a l i s e d
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t h r e e  t im e s  f rom  c o n d u c t i v i t y  w a t e r  and d r i e d  i n  a  vacuum 
d e s i c c a t o r .  The r e s u l t i n g  p a l e  g r e e n  n e e d l e s  were  e x t r e m e l y  
p h o t o s e n s i t i v e  and  were  c o n s e q u e n t l y  s t o r e d  i n  a  d e s i c c a t o r  
i n  t h e  d a r k .
( i v )  N i t r o g e n .
G x y g e n - f r e e - n i t r o g e n ,  a s  s u p p l i e d  by t h e  B r i t i s h  Oxygen 
Company, was p a s s e d  t h r o u g h  t h r e e  TJ-tubes c o n t a i n i n g  f i n e l y  
powdered  q u i c k l i m e  w h ich  was p e r i o d i c a l l y  r e p l a c e d  by f r e s h  
m a t e r i a l  w h ic h  had b e e n  h e a t e d  i n  a  m u f f l e  f u r n a c e .  I t  was 
t h e n  p a s s e d  t h r o u g h  a l o n g  tu b e  w h ich  was t i g h t l y  p a c k e d  w i t h  
c o t t o n  wool  t o  remove a n y  d u s t  w h ich  was c a r r i e d  o v e r  f rom  t h e  
d r y i n g  t u b e s .
SECTION H .
THE CONDUCTIVITY Off SILVER PERCHLORATE I N 
ACETONE AT 25°C AND THE BJMBCTS OS1 BASIC
OHGANIC ADDITIVES.
SECTION S .
IBB CONDUCTIVITY OF SILVER BERCHLOBATB IN ACETONES AT 2g°0  
AMD THE? BPEECTS OP BASIC ORGANIC ADDITIVES.
■...... . I. ■MU 1, 1 JI..H I. m i . ' i III ||| |m i l >1wn i ^ » i*fiw; l 'i!W'i»|mw.u,i»
( i )  H i s t o r i c a l s -
The c o n d u c t i v i t y  o f  s i l v e r  p e r c h l o r a t e  i n  a  
v a r i e t y  o f  s o l v e n t s ,  and  o f  p e r c h l o r a t e s  i n  a c e t o n e ,  have "been 
s t u d i e d ,  h u t  no i n v e s t i g a t i o n  has h e e n  made o f  t h e  c o n d u c t i v i t y  
o f  s i l v e r  p e r c h l o r a t e  i n  a c e t o n e *
I n  1936,  L u d e r ,  P . K r a u s ,  CUKraus and  Puoss  ( 3 1 ) 
i n v e s t i g a t e d  t h e  b e h a v i o u r  o f  s i l v e r  p e r c h l o r a t e  i n  b e n z e n e .
The v a l u e s  ofyA^o and K  ( d i s s o c i a t i o n  c o n s t a n t )  d e t e r m i n e d  by 
them were  150 an d  7 . 8  x  1CT^  ^ r e s p e c t i v e l y .  L a t e r ,  i n  1947, 
L u d e r  and  K raus  ( 3 2 ) e x t e n d e d  t h i s  s t u d y  t o  p y r i d i n e  and  fo u n d  
t h a t  th e  s a l t  now  b eh av e d  a s  a  s t r o n g  e l e c t r o l y t e  h a v in g  
= 8 1 . 9  an d  K = 1 .9  x  10“ 3 . •
The c o n d u c t i v i t i e s  o f  c a l c i u m  and magnesium  p e r c h l o r a t e s  
i n  a c e t o n e  have b e e n  i n v e s t i g a t e d  by  B y s s e l b e r g h e  and  P r i s t r o m  
( 3 3 ) and  t h e  b e h a v i o u r  o f  l i t h i u m  p e r c h l o r a t e  i n  t h e  same
35.
s o l v e n t  was s t u d ie d  by Koch and K riv o ld  ( 3 4 ) • In  a l l  c a se s  
the  s a l t s  "behaved as s tr o n g  e l e c t r o l y t e s  and gave l i n e a r
On the  "basis o f  the r e s u l t s  o f the above i n v e s t i g a t i o n s  i t  
seems r ea so n a b le  to  e x p e c t  t h a t  s i l v e r  p e r c h lo r a te  w i l l  behave  
as a s tr o n g  e l e c t r o l y t e  i n  a c e t o n e ,  and in d eed  i t  i s  p rob ab le  
t h a t  t h i s  i s  the  on ly  s i l v e r  s a l t  which w i l l  s o  behave i n  t h i s  
s p e c i f i c  s o l v e n t .  I t  i s  f o r  t h i s  r e a s o n  t h a t  s i l v e r  p e r c h lo r a te  
was chosen*
I n  1955$ G r i f f i t h s  and Lawrence (3 5 )  i n v e s t i g a t e d  the  
e f f e c t s  o f  d i e l e c t r i c  c o n s ta n t  and i o n i c  r a d iu s  on the  
d i s s o c i a t i o n  of s i l v e r  n i t r a t e .  This e l a c t r o p h i l i e  c a t i o n  was 
ch o sen  by them b eca u se  i t  i s  known t h a t  i t  w i l l  i n t e r a c t  
s t r o n g l y  w ith  o rg a n ic  b a ses  thus a l lo w in g  some v a r i a t i o n  i n  
the s i z e  of the  c a t i o n  by p r e p a r in g  s o l v e n t  m ix tu r e s  each  o f  
w hich c o n ta in s  a sm a l l  amount of an  o r g a n ic  base* I t  was 
e x p e c ted  t h a t  the  e q u iv a le n t  c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  
b in a r y  m ix tu r es  c o n t a in in g  99^ a c e to n e  and 1% o f  an  o rg an ic  
b a s e ,  would be l e s s  th a n  t h a t  f o r  the  same s a l t  i n  pure acetone*  
M oreover i t  would appear  t h a t  the  l a r g e r  the  m o le c u la r  volume 
of the base u sed , the g r e a t e r  sh ou ld  be the d e c r e a se  i n  
e q u iv a le n t  c o n d u c t i v i t y ,  s in c e  la r g e  base m o le c u le s  sh ou ld  
produce complex io n s  o f  la r g e  r a d iu s ,  assum ing s i m i l a r
36
wa t t a c h m e n t *  c h a r a c t e r i s t i c s  f o r  a l l  th e  b a s e s  u s e d .  T h e i r  
r e s u l t s  however  showed t h a t  t h e - e f f e c t  of th e  b a se  was i n  a l l  
c a s e s  t o  i n c r e a s e  t h e  e q u i v a l e n t  c o n d u c t i v i t y  and t h a t  t h i s  
i n c r e a s e  a p p e a r e d  t o  be r e l a t e d  t o  th e  m o l e c u l a r  volumes and 
b a s i c  s t r e n g t h s  o f  t h e  b a s e s  used*  The e x p l a n a t i o n  o f f e r e d  
was t h a t  t h e  r e d u c t i o n  i n  c o n d u c t i v i t y  c a u se d  by t h e  i n c r e a s e  
i n  i o n i c  r a d i u s ,  i s  more t h a n  n u l l i f i e d  by a  r e l a t i v e l y  l a r g e  
i n c r e a s e  i n  t h e  d i s s o c i a t i o n  c o n s t a n t .
I t  was d e c i d e d  t h a t  v a l u a b l e  i n f o r m a t i o n  c o n c e r n i n g  th e  
e f f e c t  of  i o n i c  r a d i u s  on th e  d i s s o c i a t i o n  c o n s t a n t  c o u ld  be 
o b t a i n e d  by  t h i s  t e c h n i q u e  i f  a  s i l v e r  s a l t  c o u ld  be fou n d  t h a t ,  
would  behave  a s  a  s t r o n g  e l e c t r o l y t e  i n  a c e t o n e .  As a l r e a d y  
e x p l a i n e d ,  s i l v e r  p e r c h l o r a t e  would a p p e a r  t o  be t h e  m ost  
s u i t a b l e  s a l t  f o r  t h i s  p u r p o s e .  I ’o r  t h e s e  r e a s o n s  th© 
c o n d u c t i v i t y  o f  s i l v e r  p e r c h l o r a t e  i n  a c e t o n e  and  i n  b i n a r y  
s o l v e n t  m i x t u r e s  c o n t a i n i n g  99$  a c e t o n e  and 1% o f  a n  o r g a n i c  
b ase  were i n v e s t i g a t e d ,  t h e  b a s e s  c h o s e n  b e i n g  p y r i d i n e ,  
f e  - p i c o l i n e  and  ^  - c o ^ i d i n e .
( i i )  S x p e r i m e n t a l s -
D i l u t i o n  wr u n s w were  made a s  d e s c r i b e d  
i n  S e c t i o n  1 . ,  and  th e  r e s u l t s  a r e  t a b u l a t e d  i n  t a b l e s  1 1 ,1  -
1 1 . 4 ,  and  shown g r a p h i c a l l y  i n  g r a p h s  1 1 .1  and 1 1 . 2 .  The, 
e x p e r i m e n t a l  r e s u l t s  were t r e a t e d  by th e  e x t r a p o l a t i o n  m ethod
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of S h e d l o v s k y  ( 3 6 ) and  a  p l o t  was o b t a i n e d  a s  shown i n  g r a p h  
11*2 .  The l i m i t i n g  laws were  u se d  i n  t h e  f o m a -
where  t h e  v a l u e s  of  t h e  d i e l e c t r i c  c o n s t a n t  (D) and  v i s c o s i t y  
( ^  ) o f  a c e t o n e  were  t a k e n  t o  b e g -
v a lu e s  s o  ob ta in ed  were used t o  c a l c u l a t e  the  S to k es*  r a d i i  
f o r  the  io n s  concerned u s in g  W alden1 s Rule i n  the  form s-
where  r *  and  Tm a r e  th e  Stokes'* r a d i i  f o r  th e  c a t i o n  and a n i o n  
r e s p e c t i v e l y ,  I1 = 9 6,500 cou lom bs ,  and  e i s  th e  e l e c t r o n i c  
c h a r g e .  F o r  t h e  s o l u t i o n s  i n  p u r e  a c e t o n e  i t  was assum ed t h a t  
r 1  = r  * I t  i s  f u l l y  r e a l i s e d  t h a t  t h i s  i s  a  p u r e l y  a r b i t r a r y
T  "*
a s s u m p t i o n  a n d  t h a t  t h e  v a l u e  o f  r + s o  o b t a i n e d  w i l l  n o t  be 
q u a n t i t a t i v e l y  a c c u r a t e *  However th e  a s s u m p t i o n  c a n  be 
j u s t i f i e d  f o r  t h e  p u r p o s e  of t h i s  wdrk on th e  f o l l o w i n g  g r o u n d s .  
The r a d i i  o f  i o n s  i n  n o n -aq u e o u s  s o l v e n t s  a r e  a l l  of  t h e  same 
o r d e r ,  and  s i n c e  f o r  th e  b i n a r y  m i x t u r e s  u s e d  o n ly  r ^  was 
c o n s i d e r e d  a s  v a r y i n g  i . e .  r ^ 'w a s  assumed t o  r e m a in  c o n s t a n t
i o g ( f ? ) 2 = - 7 .6 5 1  v/r
B = 2 0 . 4 7  
0  = 3 . 0 4  X 10"
D ata of Reynolds and Kraus ( 3 7 )
The i n t e r c e p t s  and  s l o p e s  of t h e s e  e x t r a p o l a t i o n  p l o t s
A
a l lo w e d  the c a l c u l a t i o n  o f / j Qand K r e s p e c t i v e l y .  The
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f o r  a l l  t h e  s o l u t i o n s ,  t h e  v a l u e s  of r + r e s u l t i n g  f rom  t h e  
c a l c u l a t i o n s  g i v e  a n  a c c u r a t e  p i c t u r e  o f  th e  v a r i a t i o n  i n  t h e  
s i z e  o f  t h e  c a t i o n .
The v a l u e s  of t h e  d i s s o c i a t i o n  c o n s t a n t  fou n d  from  t h e  
e x t r a p o l a t i o n  p l o t s  were used  t o  c a l c u l a t e  t h e  "a" p a r a m e t e r s  
f o r  th e  i o n s  c o n c e rn e d  a c c o r d i n g  t o  th e  t h e o r y  of  B je r ru m  ( 3 8 ) .
S i n c e  t h e  v a l i d i t y  of t h e  B je r ru m  p a r a m e t e r  d epend s  upon  
t h e  a s s u m p t i o n  t h a t  o n ly  e l e c t r o s t a t i c  f o r c e s  a r e  i n v o l v e d ,  
t h e  v a l u e s  d e r i v e d  may o n ly  he a c c e p t e d  a s  g u i d e s  t o  th e  
m a g n i tu d e  of th e  d i s t a n c e s  b e tw ee n  th e  c e n t r e s  of  c h a r g e .  The 
S to k e s *  r a d i i  g i v e  a f a r  more r e a l i s t i c  p i c t u r e  of  t h e  s i z e s  
of  th e  i o n s  i n v o l v e d .
The v a l u e s  of  K, / \ q9 r + end na n f o r  t h e  s o l u t i o n s  
i n v e s t i g a t e d  a r e  g i v e n  be lo w .
S o l v e n t K x  1 0 3 / I . r + R a  R
 ^ P u r e  A ce to n e 0 .54 I 8 I . 5 2 .8 6 2 014
1% P y r i d i n e 2 . 7 8 167 .4 3 .3 9 3 .1 6
fS i - P i c o l i n e 2 .8 4 1 6 6 ,3 3*43 3 .1 6
1% % - C o l l i d i n e 7 .6 5 1 6 1 .2 3 . 6 8 ! 4 . 4 8
1 8 0
1 6 0
40*
TABUS T l * l
The C o n d u c t i v i t y  o f  S i l v e r  P e r c h l o r a t e  
i n  P u r e  A cetone*
4
C x  10 y c  x  1 0* A .......................................
*  0 .3 0 7 0
i i i , . ,  , .1,
0 .5 5 4 1 1 7 4 .0 3
+ 0 .6 0 47 0 .7 7 7 6 1 7 1 .3 4
* O .6 3 5 O 0 .7 9 6 9 1 7 1 .6 7
+ 0 .7 5 27 0 .8 6 7 6 1 7 0 .3 8
:: + 0 .9 6 5 5 0 .9 8 2 6 1 6 9 .1 6
+ 1 .1 2 2 7 1 .0 5 9 5 1 6 8 .2 1
* 1 .2 7 2 7 1 .1 2 8 0 1 6 7 .9 1
+ 1 .3 4 5 7 1 .1 6 0 0 1 6 7 .2 1
+ 1 .7 1 7 6 1 .3 1 0 6 1 6 5 .4 3
*  1 .9 1 1 3 1 .3 8 2 5 1 6 4 .8 0  ,
+ 2 .0 7 7 1 1 .4 4 1 1 1 6 3 .8 2
* 2 .3 9 5 9 1 .5480 1 6 2 .9 4
* 2 .6 5 8 3 1 .6 3 0 5 1 6 1 . 9 1
* 2 . 9 9 3 8 1-7304 1 6 0 . 7 0
* and + 9 d e n o t e  s e p a r a t e  ‘' r u n s ” .
The C o n d u c t i v i t y  o f  S i l v e r  P e r c h l o r a t e  
99$ A c e to n e  -  1% P y r i d i n e  
and
99$ A c e to n e  -  \% f$  -  P i c o l i n e .
C x  104
. —... - ----- - u.I.V. nl .. ^ .1  ,i ■ ........... 1,
C x  102 A
■ 0 .5402 0 .7 3 5 0 1 6 0 .8 0
0 .8 3 93 O .9 I 6 I 1 5 8 .5 0
1 .3 0 6 9 1 .1432 1 5 6 .2 2
2 .0 5 4 4 1 .4334 1 5 3 .0 0  4
2 .6 2 2 1 1 .6 6 9 2 1 5 1 .3 6
3 .2 7 3 4 1 .8 0 9 2 1 4 9 .5 4
3 .7 1 5 6 1 .92 7 6 1 4 8 .3 3
99$ A ce to n e  -  1$ /% -  P i c o l i n e
0 .1 0 9 2 0 .4 3 5 0 1 6 1 .8 4
O.6 7 7 5 0 .8 2 3 1 1 5 8 .8 0
O.9 9 2 5 0 .99 6 3 1 5 6 .9 4
1 .4 7 1 1 1 .2 1 2 8 1 5 4 .6 2
2 #0205 1 .4 2 1 5 1 5 2 .2 9
2 .5 8 7 6 1 .6 0 8 6 15 0 .36
3 .1 2 3 3  J[ 1 .7674
‘............................ ----------- ,i ......ft...... - ....... - >
148 .62  
i . . . ............... .............................................. — — **.
TABLE Xi* 3 •
The C o n d u c t i v i t y  o f  S i l v e r  P e r c h l o r a t e  i n  
99/£ Acetone  -  - C o l l i d i n e
4C x  10 0 x  102 . A
* 0 ,1 30 6 O.3614 158.22
* 0.2458 0.4958 157*66
+ 1 . 3721 .- 1.1714 1 52 .2 9
+ 1.7336 1 .31 6 6 151 .58
*  1 .8907 1.3302 1 5 2 .9 5
* 2 .2 3 6 3 1.4950 15 1 .15
+ 2 .25 8 3 1 .5 0 28 1 4 9 .8 9
+ 2 .8 8 1 8 I . 6 9 7 6 1 4 8 .5 8
* 2 .9 1 1 0 1 .7 0 60 1 4 9 .5 0
+ 3.4688 1 .8 6 2 5 14 7 .46
+ 4.0970  
............... ..........
<L . 0<d41
....»——. i. >.... ......I,...... - ■*•
146 .03
* and denote  s e p a r a t e  "runsu
6 2
IQ*
/ \S(z)
6 0
5 8
5 6
/
fo
/
/
o
. 0 °  , . . . . P u r e  A c e t o n e .
/  ° ............ ,.1  ;fa P y r i d i n e .
q  Q ............... \ f 0 / ? - P i c o l i n e .
O ............. 1;C C o l l i d i n e .
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The S h ed lov sk y  E x t r a p o l a t i o n  E unct ions  f o r  
S i l v e r  P e r c h l o r a t e  i n  Acetone  S o l u t i o n s ,
G x  104
r -------- -----
s ( z )
2f+
102
f / W + 2S,
1 l z  
| 2C 10a......./ -  n / \  ®(a)
Pure Acetone
0.400 1 .0 2 1 9 0.9907 O.7828 0.5577 0,5614
0 .6 0 0 1 .0267 0.9848 0.7415 O.561O 0.7929
0 .8 0 0 1 .0 3 0 8 0.9756 0 .7 0 8 1 O.5663 1 .0 0 0 3
1 .0 0 0 1 .0342 O.9658 0 .6822 0.5720 1 .19 2 6
1 .2 0 0 X.0373 0.9555 0 .65 9 2 O.5782 1.3680
1.400 1.0401 0.9451 O.6391 O.5846 1.5307
1 .6 0 0 1.0425 0.9343 0.6314 0.5914 . 1 .6813
1 .8 0 0 1.0450 0.9235 0 .6 0 55 O.5983 1 .8 2 1 7
1% P y r i d i n e
0 .3 6 0 1 .0 2 15 0 .9 8 1 0 0.7935 0 .6 0 3 2 0.4736
0 .8 1 0 . I . O 3 2 I 0.9705 0.7082 O.6097 0.9410
; 1.440 1.0424 0.9598 O.6330 O.6165 1.4784
2 .2 5 0 1 .0 5 2 8 0.9485 0 .5 6 6 4 O.6239 2.0426
3.240
. . .
1 .0 6 3 1 0.9392 0.5072 0 .6 3 00 2 .6 1 0 9
TAELS J J . 4 • Continued ,
................. -1
0 x  104 S ( Z ) /  0
2 1 f t 4
102 
, / \ s u )  1
/*'Cf+4S (z :
x  102t....  - ......-
\% f j ~  P i c o l i n e .
0 ,3 6 0
0 .8 1 0
1.440
2 .2 5 0
3.240
1 , o215 
1 .0322  
1.0424 
1 .0 5 3 0  
1 .0632
O.98O5
0.9705
0.9599  ' 
0.9493
0.9382
0.7935  - 
0 .7082  
O.6329 
O.5662 
0 .5 1 1 0
0 .6 0 71
0 .61 3 3
0 .6 2 0 1
0 .6 2 7 0
0 .6 3 4 5
0.4705
; 0 .9354  
1 .4 6 96  
2 .0 3 2 4  
2 .6 0 9 4
^  “ C o l l i d i n e .
0 .2 5 0
0 .5 6 2 5
1 .0 0 0
1 .5 6 2 5
2 # S 50
3 .0 6 2 5
4.000
1 .0 1 82
1 .02 7 2
1 .0362
1.0452
1 .0542
1 .0 6 3 1
1 .07 1 9
0 .9 9 8 0  
0.9953  
’ 0 .9 9 1 8  
0.9884 
: 0 .9 8 5 1  
0 .9 8 12  
0.9770
0 .82 3 3
0.7474
O.6787
O.6166
0 .5602
0.5095
0.4741
,.......  ■ i
0 .62 2 4
0 .6 2 4 1
0 .6 2 63
0 .6284
0 .6 3 0 5
0 .6 3 3 0
0 .6 3 5 7
b---------- - --- --
0 .3 3 0 7  
: 0 .6 73 7
: I .O 838
1*5331 
2 .0012  : 
2 ,4 6 4 9  
2 *9833 .
S i l v e r  p e r c h l o r a t e  behaves as  a 
r e l a t i v e l y  s t r o n g  e l e c t r o l y t e  i n  a c e t o n e .  The v a lu e  of  1 8 1 * 5  
f o r  / \  compares fa v o u r a b ly  w i t h  1 8 5 . 5 , 1 9 8 . 9  and. 2 0 1 . 3  f o r  
magnesium, ca lc iu m  and barium p e r c h l o r a t e s  r e s p e c t i v e l y  
a c c o r d in g  t o  the r e s u l t s  o f  Ry&selberghe and F r in s tro m  ( 3 3 ) 
obta ined  by e x t r a p o l a t i n g  the  A  -  7 5  p l o t .  I t  i s  probab le  
t h a t  f o r  the s o l u t i o n s  used A c  v a l u e s  o f  comparable a c c u r a c y   ^
can be ob ta in ed  by t h i s  method. The S h ed lo v sh y  e x t r a p o l a t i o n  
method was used however because  i t  a l l o w s  the d e t e r m i n a t i o n  of ? 
the d i s s o c i a t i o n  c o n s t a n t .  The v a lu e  of 2 .8 6  5  f o r  the  c a t i o n  v: 
ra d iu s  i s  perhaps l a r g e r  than  e x p e c t e d ,  but th e n  a a. .a lre a d y  I 
e x p la in e d  i t  i s  l i a b l e  t o  e r r o r  due t o  the n e c e s s a r y  a ssu m p t io n  
t h a t  the  c a t i o n i c  and a n i o n i c  r a d i i  are  e q u a l .  ' j
■ I
The e f f e c t  of b a s i c  a d d i t i v e s  on t h e  c o n d u c t i v i t y  of  
s i l v e r  p e r c h l o r a t e  i n  a c e t o n e  was t o  s u b s t a n t i a l l y  r e d u c e  th e  
e q u i v a l e n t  c o n d u c t i v i t y ,  i n d i c a t i n g  t h a t  t h e  m o b i l i t y  o f  t h e  i  
c a t i o n  i s  s e v e r e l y  i m p a i r e d  due t o  t h e  f o r m a t i o n  of  a n  i o n i c  
complex p r e s u m a b ly  of t h e  t y p e s -
5 ns + Ag + HsAgsNv) .BQN. 1 ,
T h is  e q u a t i o n  i s  i n d i c a t e d ^ b ^ r  t h e  i n v e s t i g a t i o n s  o f  A h r l a n d ,  
C h a t t ,  D a v ie s  and W il l iam s^w ho  s t u d i e d  t h e  e f f e c t s  of  s e v e r a l  
l i g a n d  g r o u p s ,  i n c l u d i n g  ammonia, on s i l v e r :  i o n s .
4 o .
At f i r s t  s i g h t  the magnitude of the change i n  c o n d u c t i v i t y  
appears t o  be dependent on the  s i z e  of the. complexing base  
m o le c u le s  the order of both m o le c u la r  volume and magnitude of  
conductance d e c r e a s e  b e in g ,  c o l l i d i n e  } f ]  - p i c o l i n e  ^  p y r i d i n e .
I t  should  be noted however t h a t  t h i s  i s  a l s o  the the
order of  the b a s i c  s t r e n g t h s .  Breuhlman and Werhuek (40)  have 
c a l c u l a t e d  the v a l u e s  of k f o r  EQ,Ho 1. f o r  p y r i d i n e ,  o C - p i c o l i n e  
and ^ f - p i c o l i n e ,  and found t h a t  i t  i n c r e a s e s  l i n e a r l y  w i t h  
b a s i c  s t r e n g t h .  Fyfe  (41) observed t h a t  the s t a b i l i t y  of  the  
s i l v e r  ammine complexes f o r  a c r i d i n e ,  q u i n o l i n e ,  i s o q u i n o l i n e  
and. p y r i d i n e  was c l o s e l y  p a r a l l e l e d  by the TT e l e c t r o n  d e n s i t i e s  
on the  n i t r o g e n  atoms of  t h e s e  bases  as  e s t im a t e d  by Longue t ,  
H ig g in s  and Coulson  ( 4 2 ) .  Moreover Moore and Johns ( 4 3 ) 
i n v e s t i g a t e d  the c o n d u c t i v i t y  of p i c r i c  a c id  i n  a v a r i e t y  of  
non-aqueous s o l v e n t s  and concluded t h a t  the i o n i s a t i o n  c o n s t a n t  
depends upon the e l e c t r o n  sh a r in g  p r o p e r t i e s  o f  the  r a d i c a l s  i n  
the s o l v e n t  m o le c u le s  r a t h e r  than  on the d i e l e c t r i c  c o n s t a n t  of  
the s o l v e n t .  Thus i t  appears  h i g h l y  probab le  t h a t  the  k  o f  
EQ,N, 1 .  w i l l  depend on the s tr e irg th  o f  the  base i n v o l v e d  and 
hence the  number of  s i l v e r  io n s  complexed i n  t h i s  manner w i l l  be 
s i m i l a r l y  depen d en t .  . This may a f f e c t  the c o n d u c t i v i t y  i n  two 
ways*
The. l a r g e r  the  number of s i l v e r  io n s  which are  complexed,  
the  g r e a t e r  w i l l  be the d e c r e a s e  i n  the c a t i o n i c  c o n t r i b u t i o n
t o  th e  o v e r a l l  c o n d u c t i v i t y .  T h is  w i l l  become a p p a r e n t  i n  t h e
of  the base used p r o g r e s s i v e l y  i n c r e a s e s .  I t  does  not  f o l l o w  
however t h a t  f \ 9 i * e .  the e q u i v a l e n t  c o n d u c t i v i t y  a t  r e a l  
c o n c e n t r a t i o n s ,  w i l l  a l s o  d e c r e a s e .  I n  the  case  of a s a l t  which  
i s  c o m p le t e ly ,  or n e a r ly  c o m p le t e ly ,  d i s s o c i a t e d  i n  the  pure i  
s o l v e n t ,  t h i s  w i l l  be the c a s e ,  but on the o th er  hand the e f f e c t !  
of  a .b a s e  on a s i l v e r  s a l t  which i s  on ly  p a r t i a l l y  d i s s o c i a t e d  
i n  the pure s o l v e n t ,  w i l l  be t o  increase ,  the d i s s o c i a t i o n ,  j
s i n c e  fo r m a t io n  of a complex e f f e c t i v e l y  removes one of the  
i o n i c  s p e c i e s  from the d i s s o c i a t i o n  e q u a t i o n  and the in c r e a s e d  
i o n i c  s i z e  w i l l  i n h i b i t  i o n - p a i r  fo r m a t io n .  E x p er im en ta l  
support  f o r  t h i s  i s  s u p p l ie d  by G r i f f i t h s  and Lawrence ( 3 5 ) .
T heir  r e s e a r c h  u t i l i s e d  s i l v e r  n i t r a t e  which behaves i n  a c e to n e  j 
as an e x tr e m e ly  weak e l e c t r o l y t e .  C on sequ en t ly  the  a d d i t i o n  of  
an organ ic  base t o  the s o l v e n t  caused a marked i n c r e a s e  i n  the  
c o n d u c t i v i t y  due t o  in c r e a s e d  d i s s o c i a t i o n .  Hence the  s l o p e  of
th e  p.ure n o n - b a s i c  s o l v e n t .  The combined i n f l u e n c e  o f  b o th  !
e f f e c t s ,  namely the d e c r e a se  i n  c o n d u c t i v i t y  due t o  decreased,  
c a t i o n  m o b i l i t y  and the i n c r e a s e  i n  c o n d u c t i v i t y  a t  r e a l  
c o n c e n t r a t i o n s  due t o  i n c r e a s e d  d i s s o c i a t i o n ,  w i l l  be t o  d e c r e a s e
lower and lower v a l u e s  o f / \ 0 as the s t r e n g t h
p l o t  f o r  the b in ary  s o l v e n t  w i l l  conform more 
c l o s e l y  t o  the t h e o r e t i c a l  Onsager s lo p e  than  w i l l  the s l o p e  f o r
the i n t e r c e p t  and s lo p e  of  the p l o t .
The r e s u l t s  f o r  s i l v e r  p e r c h lo r a t e  i n  b in ary  m ix tu r e s  of  
a c e t o n e  and o rg a n ic  bases  bear out t h i s  c o n c e p t .  The s a l t  
behaves i n  a c e t o n e  a s  a s tr o n g  e l e c t r o l y t e  but i t  i s  i n t e r e s t i n g -  
t o  observe  t h a t  th e  a d d i t i o n  o f  a  base does  s l i g h t l y  i n c r e a s e  the  
d i s s o c i a t i o n e a n d  t h a t  t h i s  i n c r e a s e  i s  g r e a t e r  f o r  c o l l i d i n e  than  
f o r  the  weaker bases  p y r id in e  andy$  - p i c o l i n e .  Moreover t h e s e  
l a t t e r  bases  which a r e  of  comparable s t r e n g t h  g i v e  a p p ro x im a te ly  
■fche same increas©  i n  *fcIig d i s s o c i a " t i o n  const/anio This  e f f e c t  i s  
a-lso r e f l e c t e d  i n  the  v a l u e s  of  / \ 0 f o r  the  s o l u t i o n s  
i n v e s t i g a t e d ,  c o l l i d i n e  g i v i n g  the  g r e a t e s t  r e d u c t i o n  .
The S t o k e s ' r a d i i  and Bjeri-um parameters g i v e  an  i n d i c a t i o n  
of how the r a d iu s  of the c a t i o n  v a r i e s  f o r  the  s o l u t i o n s  s t u d i e d .  
As i s  t o  be e x p ected  both  q u a n t i t i e s  i n c r e a s e  as  the  m o le c u la r  
volume of  the  base  i n c r e a s e s .  The only  v a lu e  which may a t  f i r s t  
s i g h t  appear  anomalous i s  the  v a l u e  of the  Bjerrum parameter f o r  
the  c o l l i d i n e  s o l u t i o n .  This  would appear  t o  be e x c e s s i v e l y  
l a r g e  p a r t i c u l a r l y  when compared w i t h  the  S t o k e s '  r a d iu s  f o r  the  
same s o l u t i o n .  I t  must be remembered however t h a t  the  same 
i n t e r p r e t a t i o n  does  n o t  a p p ly  t o  b o th  v a l u e s .  Hence i t  i s  q u i t e  
p o s s i b l e  t h a t  the  v a lu e  of 3 . 6 8  A f o r  the S t o k e s ’ r a d iu s  g i v e s  
a measure of the  mean r a d iu s  of  the  i o n  whereas 4 . 4 8  A i s  a 
good i n d i c a t i o n  o f  the  d i s t a n c e  of c l o s e s t  approach o f  the  
c e n t r e s  o f  ch a r g e .  One p o s s i b l e  r e a s o n  f o r  the  l a r g e  d i s c r e p a n c y  
between t h e s e  v a l u e s  compared w i t h  the  v a l u e s  f o r  o th e r  s o l u t i o n s
4 9 .
may "be t h a t  the e t h y l  group of the collicfaLne m o le c u le  has 
g r e a t e r  e f f e c t ,  due t o  s t e r i c  h in d era n ce ,  on the  d i s t a n c e  of 
c l o s e s t  approach,  than on the  mean rad ius  of  the i o n .
( i v )  C o n c lu s io n s s -
. With regard to  the a s s o c i a t i o n -
d i s s o c i a t i o n  p r o c e s s ,  i t  would appear th a t  t h i s  i s  dependent to
q u i t e  a l a r g e  e x t e n t  upon the s i z e  o f  the io n s  in v o l v e d ,
in c r e a s e  i n  i o n i c  r a d iu s  fa v o u r in g  d i s s o c i a t i o n .  However,- i f ,
as seems p r obab le ,  a r e v e r s i b l e  p r o c e s s  such as t h a t  in d ic a t e d
i n E Q H . l .  i s  ta k in g  p l a c e ,  the d i s s o c i a t i o n  p r o c e s s  w i l l  a l s o
depend d i r e c t l y  on the  b a s i c  s t r e n g t h  of  the complexing
component of  the s o l v e n t .  I t  may be p o s s i b l e  t o  extend  t h i s
beyond, the narrow f i e l d  of  s i l v e r  s a l t s  and the b inary  s o l v e n t
+
m ix tu r es  s t u d i e d .  The i o n  1  of the  s a l t  MA which i s  
p r e f e r e n t i a l l y  s o l v a t e d  by the component Sq of a b in ary  s o l v e n t  
m ixture  Sq + £>2 w i l l  form a s o l v a t e d  i o n  (M.rSq) where n i s  a 
c o n s t a n t .  This  s o l v a t e d  io n  can l e g i t i m a t e l y  be c o n s id e r e d  as a 
l o o s e  complex,  the  complexing e q u a t io n  b e in g s -
M+ + n S l   ( M .n S i ) + . . . . . . . .EQN. 11 .
s i m i l a r  t o  EQ,H. 1.
The f a c t  t h a t  i n  most c a s e s  p r e f e r e n t i a l  s o l v a t i o n  tends  
t o  c o m p le t io n  and k  ^ becomes l a r g e ,  does not  d e s t r o y  the  
v a l i d i t y  of the argument.  The p o s s i b i l i t y  t h a t  s o l v a t e d  io n s
5 0 .
of s e v e r a l  t y p e s ,  e . g .  c o n t a i n i n g  vary in g  numbers of s o l v e n t  
m o l e c u l e s ,  e x i s t s ,  undoubtedly  c o m p l ic a te s  the  q u a n t i t a t i v e  
e f f e c t  of the s o l v a t i o n  o n . th e  d i s s o c i a t i o n  p r o c e s s ,  but a l l  
t h e s e  s o l v a t e d  io n s  w i l l  be of lower m o b i l i t y  than the  
unsolvated. i o n ,  and a l l  w i l l  e f f e c t i v e l y  remove t h i s  l a t t e r  
s p e c i e s  from the  d i s s o c i a t i o n  p r o c e s s  thus enhancing the  
d i s s o c i a t i o n  i f  t h i s  i s  no t  a l r e a d y  com p lete .
Thus i t  i s  r e a so n a b le  t o  g e n e r a l i s e  our c o n c lu s i o n s  as  
f o l l o w s .  The e x t e n t  t o  which p r e f e r e n t i a l  s o l v a t i o n ' t a k e s  p la c e  
a p a r t  from the s i z e  of the io n s  so  produced,  w i l l  e f f e c t  the  
d i s s o c i a t i o n .  The i n c r e a s e  i n  i o n  s i z e  caused by s o l v a t i o n  
w i l l  i n h i b i t  the  a s s o c i a t i o n  p r o c e s s  and the g r e a t e r  the  
a f f i n i t y  between the i o n  and. s o l v e n t  component concerned ,  the  
g r e a t e r  w i l l  be the i n c r e a s e ,  i f  any,  i n  the  d i s s o c i a t i o n  
c o n s t a n t .
SECTION 111.
THE CONDUCTIVITY Off SILVER HITBITB IN 
BTHXLEHB GLYCOL AT £g°C AND THE EFFECTS
03? BASIC OBGANIC ADDITIVES.
SECTION H I.
TIB CONDUCTIVITY OF SILVER NITRITE IN BIHILBHB GLYCOL AT [
2 g°C AND ,THB EFFECTS OF BaSIC ORGANIC ADDITIVES. j ;
( i )  H i s t c r i c a l s -  j
S o l v e n t s  of a h y d r o x y l i e  type have been  f
used e x t e n s i v e l y  i n  the s tu d y  of the c o n d u c t i v i t y  of e l e c t r o l y t e s  
i n  non-aqueous and mixed s o l v e n t s .  A lthough  w ater  has r e c e iv e d  
the most a t t e n t i o n  as  a s o l v e n t  of t h i s  ty p e ,  the behav iour  of  
a la r g e  number.of  e l e c t r o l y t e s  i n  e t h a n o l  and m ethanol  has a l s o  I
been  i n v e s t i g a t e d ,  ( j;
Gurney ( I S )  has d i s c u s s e d  the f a c t  t h a t  e t h y l e n e  g l y c o l  i s  |; 
a Hs u i t a b l e  s o l v e n t  f o r  comparison w i t h  w ater ,  w i t h o u t  the j :
e c c e n t r i c i t i e s  o f  the l a t t e r ” , but th e r e  i s  r e l a t i v e l y  l i t t l e  
data  a v a i l a b l e  f o r  s o l u t e s  i n  e i t h e r  g l y c o l  a l o n e  or as  a 
component of  b in a ry  m i x t u r e s .  j
M i l l e r ,  Baschka and Wittman (4 4 )  s t u d i e d  e l e c t r o l y t e  j
b e h a v io u r  i n  t h i s  so lvent-and .  c a l c u l a t e d  v a l u e s  o f / \ 0 f o r  a 
number of  s a l t s ,  but i t  was f e l t  t h a t  c e r t a i n  of t h e i r  v a lu e s  [
r eq u ired  f u r t h e r  i n v e s t i g a t i o n  i n  the l i g h t  of  modern t h e o r y ,
5 3 .
I n  I 95 6  G r i f f i t h s  and Lawrence (20)  i n v e s t i g a t e d  the
c o n d u c t i v i t y  of  s i l v e r  n i t r a t e  i n  e t h y l e n e  g l y c o l  -  w ater
m ix tu r e s  over the e n t i r e  c o m p o s i t io n  range and i n  e th y le n e  
g l y c o l  c o n t a i n i n g  s m a l l  q u a n t i t i e s  of an  o rgan ic  b a s e .  For the  
former s o l u t i o n s  they  found th a t  whereas the s a l t  behaved, 
norm ally  and as a s t r o n g  e l e c t r o l y t e  i n  both pure components,  
i t s  behav iour  i n  the b inary  m ix tu r es  was anomalous and they  
concluded t h a t  t h i s  was due t o  p r e f e r e n t i a l  s o l v a t i o n .  The 
b ehav iou r  o f ■s i l v e r  n i t r a t e  i n  the b inary  m ix tu res  c o n t a i n i n g  
an o rg a n ic  base as  r ep o r ted  by G r i f f i t h s  and Lawrence,  appears  
to  be c l o s e l y  ana logou s  to  the behaviour  of  the  p e r c h lo r a t e  i n  
a c e t o n e - b a s e  m ix tu r e s  r e p o r te d  i n  S e c t i o n  1 1 9 w i t h  the e x c e p t i o n  
t h a t  p y r i d i n e  does not  appear t o  i n c r e a s e  the  d i s s o c i a t i o n  over  
t h a t  h o ld in g  i n  pure e t h y l e n e  g l y c o l .  However s i n c e  the s a l t  
was found t o  be h i g h l y  d i s s o c i a t e d  the  v a l u e s  of  the  d i s s o c i a t i o n
c o n s t a n t  are  l i a b l e  t o  c o n s i d e r a b l e  e r r o r  and i t  i s  true  t o  say
t h a t  the r e s u l t s  of G r i f f i t h s  and Lawrence support  the  
cone1us io n s  made i n  S e c t i o n  11.
I t  was thought  t h a t  the v a lu e  of the i n v e s t i g a t i o n s  
rep o r ted  i n  S e c t i o n  11.  and o f  G r i f f i t h s  and Lawrence, would be 
g r e a t l y  enhanced and the  c o n c lu s i o n s  drawn proved or o t h e r w is e ,  
i f  the  behaviour  of  y e t  a n o th er  s i l v e r  s a l t  was s t u d i e d  i n  
s o l u t i o n s  c o n t a i n i n g  s m a l l  q u a n t i t i e s  o f  an organic  b a s e .
S i l v e r  n i t r i t e  was ch o se n  i n  e t h y l e n e  g l y c o l  s o l u t i o n s  s i n c e
5 4 .
t h i s  would a l lo w  a d e t a i l e d ,  comparison w i t h  the  r e s u l t s  of  
G r i f f i t h s  and Lawrence f o r  the n i t r a t e  i n  the same or s i m i l a r  
s o l v e n t  m ix t u r e s .
( i i )  E xp er im en ta l  5-
The f i g u r e s  f o r  the c o n d u c t i v i t y  of
s i l v e r  n i t r i t e  i n  pure e t h y l e n e  g l y c o l  and i n  b in ary  m ix tu res
c o n t a i n i n g  1% p y r i d i n e  and l ^ K - p i c o l i n e  are  g i v e n  i n  t a b l e s  
1 1 1 . 1 , 1 1 1 . 2  and. 1 1 1 . 3 .  and are  r e p r e s e n t e d  g r a p h i c a l l y  i n  
graphs 1 1 1 . 1 and 1 1 1 . 2 .
Great care  had t o  be ta k e n  w i t h  s o l u t i o n s  c o n t a in in g  s i l v e r  
n i t r i t e  due t o  i t s . e x t r e m e  p h o t o s e n s i t i v i t y .  B e lenky  and Juse  
(45)  have shown the s a l t  t o  be e x tr e m e ly  s e n s i t i v e  t o  l i g h t ,  
p a r t i c u l a r l y  o f  w av e len g th s  i n  the  r e g i o n  of  3 0 0 0  R , decomposing  
t o  g i v e  s i l v e r  and o x id e s  o f  n i t r o g e n .  For t h i s  r e a s o n  s o l u t i o n s  
c o n t a i n i n g  s i l v e r  n i t r i t e  were a lways  kept  i n  t o t a l  darkness  
e x c e p t  when i n  immediate u s e .
V a lues  o f / \ 0 , K$ r + and ”a 11 were determ ined as  d e s c r ib e d
i n  S e c t i o n  l l .  and are  g i v e n  below f o r  the  s i l v e r  n i t r i t e
s o l u t i o n s  i n v e s t i g a t e d •
■ S o l v e n t . K x  1°3 | / \ 0 r+ a  R
E t h y l e n e  G l y c o l .  
1% P y r i d i n e .
: 1% J( - P i c o l i n e .
1 . 4 3
9 . 2 4
1 0 . 3
9 .04
6 . 7 6
7 . 0 3
1 .0 0  
s . 03  
1 . 8 1
1 . 0 5
4 . 3 6
4 . 6 8
A8
7
.Pure 5 2 / c o l .  
\f> P y r i d i n e ,  
l o^ t f - P ie o l i r i e .
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TABLE 111,1  
The C o n d u c t i v i t y  of  S i l v e r  N i t r i t e
i n  E t h y l e n e  G l y c o l ,
4G x  10 vTc x  102 / V
* 1 .3 7 2 6
__ _ _____ _______ _
1 .1 7 1 6 8 .2 9 1
* 2 .1 44 7 1 .4 6 4 5 8 .0 4 8
+ 3 .7 3 1 3 1 .9317 7 .4 5 1
0 4 .3 8 8 9 2 .0 9 5 0 7 .4 4 6
0 5 .1 5 9 8 2 .2 7 1 6 7 .3 9 2
+ 5 .3 5 9 8 2 .31 5 2 7 .1 8 2
*  7 o3313 2 .7 0 7 7 7 .0 6 0
+ 7 .5 9 2 7 2 .7 5 5 5 6 .8 5 7
* 9 .15 4 3 3 .0 2 5 6 6 .7 1 1
+ 9 .72 4 7 3 .11 8 4 6 .5 8 0
+, and o, d e n o t e  s e p e r a t e  r u n s
TABIE 1 1 1 >2
The C o n d u c t i v i t y  of S i l v e r  N i t r i t e  i n  
B i n a r y  M ix tu r e s ' ,  of  E t h y l e n e  G l y c o l  and 
O rg a n ic  B a s e s .
C x  104 v/c x  1 0 a A
99$> E t h y l e n e  G l y c o l  -  1% P y r i d i n e .
I . I 6 7 9 I .O 8 0 3 6 . 5 7 2
2 .3 3 6 5 I . 5 2 8 6 6 . 6 8 7
3-5404 I . 8 8 1 6 6 . 6 3 9
4 .8 3 47 2 . 1 9 8 7 6 . 5 9 0
6 .9 9 7 7 2 .64 5 4 6 , 6 1 0
9 .0426 3 .0 0 7 1 6 . 5 7 6
9?J& E t h y l e n e  G l y c o l  -  1% Y - P i c o l i n e
O. 7 6 6 5 0.7547 6 . 8 5 2
2 . 0 6 5 3 1 .43 7 1 6 . 8 3 1
3 •s 2 86 1 .79 6 8 6 . 7 7 4
4 . 4 6 6 7 2 .1 1 3 5 6 . 6 9 0
6 . 8 2 4 1 2 . 6 1 2 3 6 . 6 3 4
8 . 8 8 4 7
....... ........................................................................................-  , J
2 .9 8 0 7
1.. .................. — . ...
6 . 5 1 0 5
1QZ
/\S (z )
13
I 2 3 4
ACftSw x |O1
TABLE 111 .3  
The S h ed lo v sk y  E x t r a p o l a t i o n  F u n ct io n s  f o r  
S i l v e r  N i t r i t e  i n  G ly c o l  S o l u t i o n s .
C x  104 S (z)
..................
/ \ s ( z )
r —.------- —.....l.,-
10 2 / W i 2s (z]
x  104/ \ ° A s ( Z),
1 .4 4 0 0 1 .0083 0 .8 9 9 9 0 .85 1 7 n . 9 5 1 0 .2 6
s . 5600 1 .0109 0 .85 8 3 0 .81 1 3 12.52 16 .5 9
4 , 0 0 0 0 1 .0133 0 .8222 0 .7 74 4 1 3 .0 8 2 3 .6 8
6 .2 5 0 0 1 .0162 .0 .7 7 6 2 0 .7 3 3 0 1 3 .8 5 33.07
9 .0 0 0 0 1 .0189 0 ,7292 0 .69 6 9 1 4 ,7 5 4 2 .5 3
1% y  - P i c o l i n e
2 .2 5 0 0 1 .0 11 0 0 .9634 0 .8 1 2 5 1 4 .4 6 1 2 .6 5
3 .6 1 0 0 1 .01 3 9 0 .9 5 3 5 0 .7 6 9 8 1 4 .6 1 1 9 .0 2 5
5 .2 9 0 0 I .O I 6 7 0 .9 4 42 0 .7 2 9 7 1 4 .7 5 2 6 .1 7
7 .2 9 0 0 I .O I9 6 0 .9 3 4 8 0 .6 9 2 0 5 1 4 .9 0 3 3 .8 6
9 .0 0 0 0 1 .0216 0 .9 2 7 7 0 ,66 3 6 1 5 .0 1 3 9 .7 8
1% P y r i d i n e .
2 .2 5 0 0 1 .0113 0 .9 94 9
' ■ ".............
0 .8 0 9 8 1 4 .8 3 1 2 .2 9
3 .6 1 0 0  ; 1 .0142 0 .9 9 3 6 0 .76 5 3 14 .8 4 18.62
5 .2 9 0 0 1 .0 1 7 2 0 .9 9 24 0 .72 3 9 14 .8 6 2 5 .7 7
7 .2 9 0 0 1.0203 0 .99 1 7 0 .6 8 4 5 14 .87 3 3 .5 5
9 .0 0 0 0 1.0224 0 .9 9 1 0 0 .6563 1 4 .8 8 3 9 .6 9
6o .
( i i i ) D i s c u s s i o n s -
S i l v e r  n i t r i t e  "behaves a s  a  r e l a t i v e l y  
s t r o n g  e l e c t r o l y t e  i n  e t h y l e n e  g l y c o l .  As was e x p e c t e d  th e  
e f f e c t  o f  o r g a n i c  b a se s  was t o  i n c r e a s e  t h e  d i s s o c i a t i o n  and 
d e c r e a s e  t h e  m o b i l i t y  of  t h e  i o n s  i n v o l v e d .  Thus f a r  t h i s  
s t u d y  c o n f i r m s  t h e  r e s u l t s  and c o n c l u s i o n s  r e p o r t e d  i n  S e c t i o n  
11 . However t h e r e  i s  o n e ' a p p a r e n t  a n o m a ly .  ^ . - p i c o l i n e ,
"being a s t r o n g e r  ba se  t h a n  p y r i d i n e ,  g i v e s  a  g r e a t e r  i n c r e a s e  i n
th e  d i s s o c i a t i o n  c o n s t a n t ,  b u t  t h e  d e c r e a s e  i n  t h e  m o b i l i t y  of
# \
t h e  c a t i o n ,  a s  i n d i c a t e d  by th e  d e c r e a s e  i n / ^ 0 i s  shown t o  be 
s m a l l e r  f o r  t h e  s t r o n g e r  o f  t h e  two b a s e s .  These f a c t s  a r e  of 
c o u r s e  r e f l e c t e d  i n  th e  v a l u e s  of  r+ an d  **a” f o r  t h e  complex 
c a t i o n s .  S e v e r a l  p o s s i b l e  e x p l a n a t i o n s  f o r  t h i s  anom aly  
s u g g e s t  t h e m s e l v e s .  I t  i s  p o s s i b l e  f o r  example  t h a t  no r e a l  
e x p l a n a t i o n  i s  n e c e s s a r y  and t h a t  th e  mean c a t i o n  r a d i u s  i s  
s m a l l e r  f o r  t h e  p i c o l i n e  complex due e i t h e r  t o  a  s t e r i c  e f f e c t  
w h ich  f a c i l i t a t e s  t h e  p a c k i n g  of  p i c o l i n e  m o l e c u l e s ,  a s  opposed  
t o  p y r i d i n e  m o l e c u l e s ,  round  t h e  s i l v e r  i o n ,  o r  t o  a  r e d u c t i o n  
i n  t h e  number of  b a se  m o l e c u l e s  i n v o l v e d  i n  t h e  complex c a t i o n .  
T h is  i s  n o t  i n c o n s i s t e n t  w i t h  th e  i n c r e a s e  i n  " a ” i n  g o in g  f rcm  
th e  p y r i d i n e  t o  t h e  p i c o l i n e  complex s i n c e  a l t h o u g h  th e  r + v a l u e  
i s  s m a l l e r  f o r  t h e  l a t t e r ,  t h e  k  of EQ,N. 1 . ( S e c t i o n  11 . )  i s  
g r e a t e r  and  t h i s  would a u t o m a t i c a l l y  mean a n  i n c r e a s e  i n  th e  
mean d i s t a n c e  b e tw ee n  t h e  c e n t r e s  o f  c h a r g e .  A n o t h e r  p o s s i b l e
6 l .
e x p l a n a t i o n  i s  t h a t  th e  p y r i d i n e  complex i s  r e l a t i v e l y  more 
s o l v a t e d  by th e  h y d r o x y l i c  g l y c o l  m o l e c u l e s  t h a n  i s  th e  p i c o l i n e  
com plex ,  T.his c o u ld  f o r  example  be due t o  a r e p u l s i o n  of  g l y c o l  
m o le c u l e s  by th e  e l e c t r o n  r e l e a s i n g  m e t h y l  g ro u p s  w h ich  w i l l  
p r o b a b l y  be g e o m e t r i c a l l y  opposed  i n  t h e  p i c o l i n e  com plex ,  i t  
c o u ld  a l s o  be c au se d  by a n  i n c r e a s e  i n  th e  b reakdown of th e  
h y d ro g en -b o n d e d  s t r u c t u r e  of  th e  g l y c o l  a s  r e p o r t e d  by Sadek  
and  .JTu.oss ( 3 8 ) ,  i n  t h e  c a s e  o f  t h e  p y r i d i n e  m i x t u r e .  I t  has
a l s o  b e e n  s u g g e s t e d  t h a t  th e  o r d e r  of th e  b a s i c  s t r e n g t h s  of
\
p y r i d i n e  and (j - p i c o l i n e  i n  w a t e r  may be r e v e r s e d  when 
e t h y l e n e  g l y c o l  i s  c o n s i d e r e d .  S e a r s , W olford  and Dawson (4 6 ) 
s t u d i e d  t h e  c o n d u c ta n c e  o f  some a c i d s  i n  d im e th y l f o r m a m id e  and 
c o n c lu d e d  t h a t  t h e  s t r e n g t h s  of t h e  a c i d s  i n  t h i s  s o l v e n t  were  
a n o m a lo u s .  They e x p l a i n e d  t h i s  on a  b a s i s  of s o l v a t i o n .
D e s p i t e  t h r s  i t  m u s t  be a d m i t t e d  t h a t  t h i s  l a t t e r  e x p l a n a t i o n  
i s  n o t  f a v o u r e d  s i n c e  i t  t h e n  r a i s e s  t h e  p ro b lem  of why th e  
d i s s o c i a t i o n  i s  g r e a t e s t  i n  t h e  p i c o l i n e  s o l u t i o n .  j
The c o n s t a n t s  f o r  s i l v e r  n i t r i t e  i n  t h e  s o l u t i o n s  ]
i n v e s t i g a t e d  compare f a v o u r a b l y  w i t h  t h o s e  of  G r i f f i t h s  and  '
l
Lawrence  (2 0 ) f o r  th e  n i t r a t e .  The d i s s o c i a t i o n  c o n s t a n t  i n  ,1 
p u re  a c e t o n e  f o r  th e  l a t t e r  was found  t o  be 0.11  compared w i t h  
0.0014 f o r  t h e  n i t r i t e  and  th e  / \  0 v a l u e s  were found  t o  be 9,14  
and 9,04  r e s p e c t i v e l y .  ■ ■ ;
62 .
( i v )  C o n c l u s i o n s s -
The i n v e s t i g a t i o n s  r e p o r t e d  i n  t h i s  
s e c t i o n  "were p u r s u e d  p r i m a r i l y  i n  o r d e i  t o  e s t a b l i s h  t h e  
d e d u c t i o n s  made i n  S e c t i o n  11 . However t o  some e x t e n t  t h e y  have 
q u a l i f i e d  t h o s e  d e d u c t i o n s .
The e f f e c t  of o r g a n i c  b a s e s  would a p p e a r ,  a s  e x p e c t e d ,  t o  
b e  c o m p l e t e l y  i n d e p e n d e n t  o f  t h e  a n i o n  i n v o l v e d  w i t h  t h e  
e x c e p t i o n  t h a t  t h i s  l a t t e r  d e t e r m i n e s  t h e  d i s s o c i a t i o n  i n  a p u re  
n o n - b a s i c  s o l v e n t  and hence  t h e  e x t e n t  t o  w h ic h  b a s i c  a d d i t i v e s  
i n c r e a s e  t h e  d i s s o c i a t i o n .  The q u a l i t a t i v e  e f f e c t  of t h e  b a se  i s  
a l s o  i n d e p e n d e n t  o f  t h e  m a j o r  s o l v e n t  com ponent .  T h is  l a t t e r  
may however  be o f  p a ram o u n t  i m p o r t a n c e  m  d e t e r m i n i n g  the  
q u a n t i t a t i v e  e f f e c t  of  b a s i c  a d d i t i v e s  q u i t e  a p a r t  f rom  t h e  f a c t  
t h a t  i t  w i l l  g o v e r n  t h e  d i s s o c i a t i o n  o f  any  g i v e n  s i l v e r  s a l t .  
T h is  c a n  be e x p r e s s e d  i n  t h e  g e n e r a l  c a s e  a s  f o l l o w s .  I f  
$ 2 ,  X and  Y a r e  p u re  s o l v e n t s ,  t h e  l a s t  two of  w h ic h  have 
s t r o n g  a f f i n i t i e s  f o r  t h e  i d n  M+ of t h e  s a l t  MA, p r e f e r e n t i a l  
s o l v a t i o n  of t h e  i o n  M+ w i l l  o c c u r  f o r  b i n a r y  s o l v e n t  m i x t u r e s  
c o n t a i n i n g  o r  and X o r  Y, t h e  d i s s o c i a t i o n  t e n d i n g  t o  
i n c r e a s e  and th e  m o b i l i t y  of  t h e  c a t i o n  t e n d i n g  t o  d e c r e a s e  ov e r  
t h a t  h o l d i n g  i n  t h e  p u re  component  o r  S2 • I t  i s  n o t  p o s s i b l e  
how ever  t o  p r e d i c t  f rom  a  knowledge  of  th e  q u a n t i t a t i v e  e f f e c t  
of X and Y on t h e  b e h a v i o u r  o f  MA i n  S-^, what  t h e  q u a n t i t a t i v e  
e f f e c t  of X and  Y on t h e  b e h a v i o u r  o f  MA i n  w i l l  b e .
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THE EkkECTS Ok NON-BASIC ADDITIVES ON THE
CONDUCTIVITY Ok SILVER PERCHLORATE AND 
SILVER NITRATE IN ACETONES.
( i )  H i s t o r i c a l s -
The i n v e s t i g a t i o n s  r e p o r t e d  i n  S e c t i o n s  
11 . and  i l l *  Have i n d i c a t e d ,  q u i t e  a p a r t  f rom t h e  g e n e r a l  
c o n c l u s i o n s  d raw n i n  t h e s e  s e c t i o n s ,  a  d e f i n i t e  i n t e r a c t i o n  
b e tw e e n  s i l v e r  i o n s  and n i t r o g e n o u s  o r g a n i c  b a s e s ,  . i n  o r d e r  t o  
t e s t  t h a t  t h i s  i n t e r a c t i o n  i s  due t o  th e  h i g h  e l e c t r o n  d e n s i t i e s  
on t h e  n i t r o g e n  a tom s of  th e  b a s e s  s t u d i e d ,  i t  was d e c i d e d  t h a t  
t h e  e f f e c t s  of a n o n - b a s i c  n i t r o g e n o u s  a d d i t i v e  s h o u l d  be s t u d i e d  
N i t r o m e th a n e  was c h o s e n  f o r  t h i s  p u r p o s e .  M o reo v er  t h e  
c o n d u c t i o m e t r i c  method  employed has  b e e n  u s e f u l  f o r  d e m o n s t r a t i n g  
i n t e r a c t i o n  b e tw e e n  s i l v e r  i o n s  and s o l u t e  m o l e c u l e s  and i t  was 
hoped t h a t  o t h e r  r e p o r t e d  i n t e r a c t i o n s  of  t h i s  ty p e  c o u ld  be 
d e t e c t e d  by t h i s  t e c h n i q u e .
Complex i o n  f o r m a t i o n  i n v o l v i n g  a l i n k a g e  b e tw ee n  th e
65
e l e c t r o p h y l i c  s i l v e r  i o n  and o l e f i n i c  bonds has b e e n  r e p o r t e d  
by s e v e r a l  w o r k e r s .  S i m i l a r  i n t e r a c t i o n  has b e e n  d e t e c t e d  
i n v o l v i n g  t h e  Tf bonds of  a r o m a t i c  m o l e c u l e s ,  t h e  r e s u l t i n g  
com plexes  i n  t h i s  c a s e  b e in g  c a l l e d  IT c o m p lex e s .  I n  1938 
Yi/xnstein and, Lucas  (47 )  p o s t u l a t e d  th e  f o l l o w i n g  r e s o n a n c e s -
T hree  y e a r s  l a t e r ' T a u f e n ,  M urray  and C le v e la n d  ( 4 8 ) ,  
i n v e s t i g a t e d  th e  e f f e c t  o f  s i l v e r  i o n  c o - o r d i n a t i o n  on th e  
Baman f r e q u e n c i e s  due t o  th e  c a r b o n  t o  c a r b o n  bonds i n  benzene  
and on t h i s  b a s i s  drew some r a t h e r  f a r  r e a c h i n g  c o n c l u s i o n s  
w h ich  w i l l  be d i s c u s s e d  l a t e r .  Some i n d e p e n d e n t  s u p p o r t  f o r  
t h i s  t y p e  of  complex i o n  f o r m a t i o n  was su p p l ied ,  by K e e f e r  and 
Andrews (49)  who fo u nd  t h a t  th e  s o l u b i l i t i e s  of  b en zen e  and. 
t o l u e n e  i n  a q ueou s  s i l v e r  n i t r a t e  s o l u t i o n s  i n c r e a s e  w i t h  th e  
s i l v e r  i o n  c o n c e n t r a t i o n .
M o f f i t t  (50 )  p o s t u l a t e d  t h e  f o r m a t i o n  of  s t a b l e  s a n d w ic h  
m o l e c u l e s  i n v o l v i n g  two c y c l o p e n t a d i e n e  r a d i c a l s  and one 
t r a n s i t i o n  e l e m e n t  a tom .  His t h e o r e t i c a l  t r e a t m e n t  based, on 
m o l e c u l a r  o r b i t a l  t h e o r y  i n d i c a t e s  t h a t  f o r  t r a n s i t i o n  e l e m e n t s  
p o s s e s i n g  two v a c a n t  o r  s i n g l y  o c c u p ie d  wd w o r b i t a l s ,  a  bond 
c a n  be formed w h ich  i n  no way d e s t r o y s  t h e  r e s o n a n c e  s t a b i l i t y  
of  t h e  o r g a n i c  m o l e c u l e .  S o l i d  c r y s t a l l i n e  compounds have b e e n
Ag Ag+
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p r e p a r e d  f o r  i r o n ,  m anganese ,  c o b a l t ,  n i c k e l ,  chromium and r a r e  
e a r t h s .  M o f f i t t  a l s o  p r e d i c t e d  t h a t  th e  shap e  of  t h e  b i s -  
c y c l o p e n t a d i e n y l  compounds s h o u l d  b e s -
where (T) i s  t h e  c e n t r a l  t r a n s i t i o n  e l e m e n t  a tom .  P f a b  and 
P i s c h e r  ( 5 1 ) ,  and s e p e r a t e l y ,  ID i  l a n d  and P e p i n s k y  ( 5^ ) ,  
c o n f i rm e d  t h i s  s t r u c t u r e  by X - r a y  m e a s u r e m e n t s .
I t  was d e c i d e d  t h a t  t h e  e f f e c t s  of b e n z e n e ,  c y c l o p e n t a d i e n e ,  
d i c y c l o p e n t a d i e n e  and p o l y s t y r e n e  on th e  c o n d u c t i v i t i e s  of 
s i l v e r  p e r c h l o r a t e  a n d / o r  s i l v e r  n i t r a t e  i n  a c e t o n e  sh o u ld  be 
i n v e s t i g a t e d .  I t  was f e l t  t h a t  some form  of  c o m p l e x - i o n  
f o r m a t i o n  s h o u ld  o c c u r  f o r  c y c l o p e n t a d i e n e  and t h a t  t h e
i n c l u s i o n  of  th e  d i m e r  s h o u l d  i n d i c a t e  w h e t h e r  t h i s  i s  o f  th e
sa n d w ic h  m o le c u l e  ty p e  m e n t io n e d  a b o v e ,  a l t h o u g h  i t  i s  f u l l y  
r e a l i s e d  t h a t  s i l v e r  has  no v a c a n t  o r  s i n g l y  o c c u p ie d  nd n 
o r b i t a l s .  P o l y s t y r e n e  w as  c h o s e n  a s  t h e  p u r e l y  o l e f i n i c
compound t o  be s t u d i e d  f o r  two r e a s o n s .  Any complex i o n  formed
i n v o l v i n g  p o l y s t y r e n e  w i l l  be of  r e l a t i v e l y  enormous d im e n s io n s  
and, h en ce  s h o u ld  l e a d  t o  a l a r g e  d e c r e a s e  i n  e q u i v a l e n t  
c o n d u q t i v i t y .  O t h e r  r e s e a r c h  ( G r i f f i t h s  and Woods, u n p u b l i s h e d )  
was d i r e c t e d  a t  d e t e r m i n i n g  t h e  m o l e c u l a r  w e i g h t s  o f  s t y r e n e  
p o ly m ers  by c o n d u c t i o m e t r i c  m ethods  and t h i s  r e s e a r c h  o f f e r e d
6 7 .
a  means o f  t e s t i n g  th e  u s e f u l n e s s  of s i l v e r  s a l t s  i n  t h i s  
c o n n e c t i o n ,
( i i )  E x p e r i m e n t a l s -
D i l u t i o n  r u n s  were c a r r i e d  ou t  a s
d e s c r i b e d  i n  S e c t i o n  1 ,
C e r t a i n  d i f f i c u l t i e s  were e n c o u n t e r e d  i n  c o n n e c t i o n  w i t h  
t h e  s t u d y  of  t h e  e f f e c t s  of p o ly s  ty re n e . ,  I t  was found  t h a t  
when p u re  a c e t o n e  i s  l e f t  i n  c o n t a c t  w i t h  p o l y s t y r e n e  th e  
s o l u b i l i t y  of t h e  l a t t e r  i s  c o m p l e t e l y  u n d e t e c t a b l e  by any 
means o t h e r  t h a n  t h e  t e c h n i q u e  b e in g  u s e d ,  i . e ,  by i n v e s t i g a t i n g  
t h e  c o n d u c t i v i t y  of  a  s i l v e r  s a l t  i n  t h e  r e s u l t i n g  m i x t u r e .  
R e s u l t s  based  on t h i s  method of  d i s s o l u t i o n  o f  p o l y s t y r e n e  we r e  
v e r y  d i f f i c u l t  t o  r e p r o d u c e  s i n c e  s a t u r a t i o n  a p p a r e n t l y  t a k e s  
a l o n g  t i m e .  On t h e  o t h e r  hand when a s m a l l  q u a n t i t y  of  a 
s o l u t i o n  of  p o l y s t y r e n e  i n  b en ze n e  i s  added t o  a  l a r g e  b u l k  of 
a c e t o n e ,  a  v e r y  f i n e  s u s p e n s i o n  o f  p o l y s t y r e n e  i s  p r o d u c e d .
Such  s u s p e n s i o n s  were r e p r o d u c e a b l e  f rom  t h e  c o n d u c t i o m e t r i c  
p o i n t  of v iew ,  TernXary  sy s te m s  a r e  of  c o u r s e  t o  be a v o id e d  
a s  f a r  a s  p o s s i b l e  s i n c e  t h e y  c o m p l i c a t e  th e  i n t e r p r e t a t i o n  of 
t h e  r e s u l t s 5 however ,  j u s t i f i c a t i o n  of  t h e  use  of  t h i s  
s u s p e n s i o n  i s  a t t e m p t e d  i n  t h e  d i s c u s s i o n .
The e f f e c t  o f  b e n z e n e ,  a s  w i l l  be s e e n ,  i s  v e r y  s m a l l .
P o r  t h i s  r e a s o n  i t  ig»s s t u d i e d  i n  b o th  s i l v e r  p e r c h l o r a t e  and 
s i l v e r  n i t r a t e  s o l u t i o n s  s i n c e  th e  e f f e c t  on th e  c o n d u c t i v i t y  of 
t h e s e  s o l u t i o n s  sh o u ld  be d i f f e r e n t ,  i . e .  a n  i n c r e a s e  f o r  th e  
n i t r a t e  and a  d e c r e a s e  f o r  t h e  p e r c h l o r a t e .
The r e s u l t s  a r e  g i v e n  i n  T a b le s  IV . 1 -  IV . 9 and  i n  Graphs  
IV. 1 -  I V . 6 . V a lu e s  o f  / \ 0s r + and " a 1 were  d e t e r m i n e d  a s  
d e s c r i b e d  i n  S e c t i o n  11 . and a r e  g i v e n  be low .
S a l t A d d i t i v e
K
x  XO4 A. r+£ ak
AgNO^ - 0 .0 1 9 22? 2 . 2 8 1.31
AgC104 5.4 182 2 .8 6 2.14
AgC104 1% C y c l o p e n t a d i e n e 1 6 .9 160 3.87 2 .64
AgC104 1% D i c y c l o p e n t a d i e n e 14.1 150 4 .5 4 2.55
AgC104
.
P o l y s t y r e n e  S u s p e n s i o n 2 6 .2 143 3*66 9 .4 6
A4 0
3 0
2 0
G R A P H  IV I.
Q  • . . . . . Pure  A c e t o n e .
Q .  V/o B e n z e n e .
H i t r o m e th a n e
J C *  IO*
TABUS I V . 1*
The C o n d u c t i v i t y  of S i l v e r  N i t r a t e
i n  P u r e  A c e to n e .
; rr- ' • 1 
C x  104 Jo x  102 A
* 0 ,4 0 8 2 0 ,6 3 8 9 62 .5 2
* 0 .5 6 8 8 O.7542 4 0 .5 8
* 0 .7 2 7 1 O.8527 35.91
* 0 .8 8 5 1 0.9408 3 2 .7 0
+ 1 .0 4 5 4 1.0223 2 8 .9 0
* 1.0408 1 .0 2 0 0 2 8 .4 4
*  1 .1 8 7 6 1 ,0 9 0 0 2 6 .7 9
* 1 .4 9 0 9 1 .2 2 1 0 2 4 .2 3
+ 1 .69 1 3 1.3005 24.12
+ 1 .7 7 8 3 1.3330 22.46
*  2 .0 7 9 1 1.4418 22.40
* 2 .0 6 8 8 1.4380 2 1 .1 0
+ 2 .4 7 2 5 1.5726 2 1 .0 5
*  2 .3 5 1 1 1.5330 2 0 .2 5
+ 2 .8 4 6 6 1.6874 1 8 .5 1
and +,  d e n o te  s e p a r a t e  r u n s .
TABLE 1 V .2 .
The C o n d u c t i v i t y  o f  S i l v e r  N i t r a t e
i n  99% A c e t o n e  -  1;% B en zen e ,
4
C x  10 Jo x  1 0 ^ A
0 . 1 9 6 1 0 .4 4 2 8 6 6 . 9 4
0 .40 2 2 0 .6 3 4 2 5 0 . 5 2
0*5553 0 .7 4 5 1 4 1 . 9 1
0 . 9 2 2 6 O. 9 6 0 5 3 3 . 3 1
1 . 3 5 6 0 1 .1 6 4 5 2 8 .0 4
1 . 9 2 7 5 I . 3 6 8 3 2 4 .2 8
2 . 3 3 5 2 1 . 5 2 8 1 2 1 .9 3
2 . 7 5 7 0 1 .66 0 4 2 0 .4 7
3 . 0 8 7 1 1 .7 5 7 0 1 9 .7 3  j
TABLES I V , 3*
The C o n d u c t i v i t y  o f  S i l v e r  N i t r a t e
i n  99$  A c e t o n e  -  1% M t r o m e t h a n e .
■^roi—i* 
I 
° 
i
J o  x  10^
' . 
/ \  ■ '
0 .3 8 7 6 0 .6 2 2 6 48.41
0 .63 2 3 O.7952 37.72
0 .9 5 6 7 O .9 7 8 I 3 0 .8 0
1.1644 . I . 0 7 8 9 28.47
1 .4 3 65 I . I 9 8 5 2 6 .2 0
1 .6513 1 .2 8 50 24.81
2.0004 1.4142 23.05
2.4630 I . 5 6 9 4 2 1 .2 9
G R A P H  IV* 2.
\°f> B e n zen e .
Jc x io2
TABLE IV*4 •
The C o n d u c t i v i t y  o f  S i l v e r  P e r c h l o r a t e
i n  99^ A c e to n e  -  1% B e n z e n e .
C x  104
............................................... ............. , .....................................’
J o  x  102 A
*  O.3907 0 .6 2 5 1 171.42
* 0.7709 O.8782 169 .54
+ 0.8449 O.9192 1 68 .4 4
*  I . 1 6 6 3 1 .0 8 0 1 1 6 7 .5 8
+ 1 .29 2 8 I . I 3 6 9 166 .47
* 1 .8 8 8 0 1.3741 1 6 4 .5 1
+ I . 8 9 8 5 1.3848 1 6 4 .1 0
+ 2.4276 1.5592 162.12
*  2 .6 0 2 2 I .6 1 2 9 1 6 1 .7 5
+ 3 .0 1 0 0 1.7350 159.90
* 3 .2 1 8 1 1.7940 159.70
+ 3.6035 I . 8 9 8 I 157.84
C y c l o p e n t a d i e n e ,
150 X'f D i c y c l o p e n t a d i e n e . Q
1 4 0
I'fo P o l y s t y r e n e
3 0
G R A P H  IV*3.
2
yc x id*
7 6 .
TABIS I V , 5 ,
The C o n d u c t i v i t y  o f  S i l v e r  P e r c h l o r a t e  i n  
99$  A c e to n e  -  1$ C y c l o p e n t a d i e n e  
and 99$ A c e to n e  -  1$ D i c y c l o p e n t a d i e n e .
C x  104 | Jc x  10a A
i;% C y c l o p e n t a d i e n e .
0 .42 8 9 O.6550 155 .04  .
0 .8 6 2 1 0 .9 2 8 6 154 .1 7
1.1523 1.0731 152 .8 9
1.9753 1.4058 1 5 0 .0 6
2 .2 7 6 5 1.5092 1 4 8 .9 1
2 .8 7 8 6 1.6970 1 4 7 .1 1
3.6930 1 .92 2 1
................  ........................................
1 4 5 .0 0
1% D i c y c l o p e n t a d i e n e .
0.2459 0.4962 145 .3 9
0 .6 0 0 0 0.7748 1 4 5 .2 7
; 1.2422 1 .11 5 0 1 4 2 .8 5
1.5592 1.2493 1 4 1 .5 8
I . 8 7 7 4 1.3700 140 .36
2,4032 I . 5 4 9 8 138 .46
2.7957 1.6719 1 3 7 .3 0
2.9904 1.7290 1 3 6 .6 0
TABLE IV. 6 .
The C o n d u c t i v i t y  of S i l v e r  P e r c h l o r a t e  i n  
a S u s p e n s i o n  of P o l y s t y r e n e  i n  
99% A c e to n e  -  1% Benzene*
C x  104 f x  102 A
1.3173 1 .1 5 0 13 3 .45
1.9369 1.390 1 3 0 .5 2
a . 4154 1.554 1 2 8 .6 0
2 .9 0 3 8 1-704 127.12
3 .5 0 8 1 1 .873 12 5 .6 6
4 .0 5 0 9
......... .......-.a
2 .012  
i_*_______ _____
124.40
S i l v e r  n i t r a t e  i n
G R A P H  IV-4 .
2 3 4
A C f i S w  x i o 3
TABLE I V , 7*
The S h e d l o v s k y  E x t r a p o l a t i o n  E u n c t i o n s  f o r  
S i l v e r  N i t r a t e  i n  P u r e  A c e t o n e .
C x  10^ S ( Z)
A S U ) f + 2 102 / \ C f + 2s ,  >-  ( z ) 
x  i o 3A c A 3 ( 2 )
0.640 1 ,0117 0 .1922 0.9401 2 .6 0 1 2 .3 1 3
1 .0 0 0 1 .0130 0 .1 5 3 0  :: 0.9334 3 .2 6 8 2 .8 5 6
1.440 1,0142 0 .1 2 7 8 0.9272 3 .9 1 2 3.412  ,
1. 960 1 .0 1 5 5 0 .1 1 1 7 0 .92 0 9 4 .4 7 6 4.032
2 .5 6 0 I .O I 6 7 0.0999 0.9148 5 .0 0 5 4 .6 7 8 5
G R A P H  IV-5.
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IQ4
AS(z)
6 7
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/ o
/ G
1$ D i e y c l  opentad ier ie  .
. A
.0/
63
I p  Gy c .1 o t>e nt  ad i e  n e .
I 2
A cf.'sw x icf
8 i .
TABLE I V . 8 .
The S h e d lo v s k y  E x t r a p o l a t i o n  F u n c t i o n s  f o r  S i l v e r  
P e r c h l o r a t e  i n  99% A c e to n e  -  1% C y c lo p e n t a d i e n e  
and 99^ A c e to n e  -  1% D i c y c l o p e n t a d i e n e .
C x  I 04
...... . ■ «<«»■>-■■■
B(«)
Asu) f + 2 102 f t Cf±2 s ( z )  
x  102
0
\
ii Asu)
'iff C y c l o p s n t a d j e n a
1.1523 I .O394 0 .9 9 9 5 0 .6 5 8 6 0 .6293 1 .2 0 6 0
1.9753 I .O513 0 .99 2 2 0.5799 0.6333 I .8 0 7 1
2.2765 I.O56O 0 .98 9 0 0.5577 0 .6 3 5 9 I . 9 9 6 4
2 .8 7 8 6 1 .0616 0 .9 82 2 0 .52 0 0 0 .6403 2 .3 3 7 7
3.6930 I .O695 0 .9 7 5 3 0.4777 0 .6 4 4 8 2.7358
i i .  11 1 muin
\% D i c y c l o p e n t a d i e n e 0
0 .6 0 0 0 1 .02 9 5 I.OO37 0.7392 0 .6 6 87 O.6633
1.2422 1.0424 0.9993 O.6483 0 .6 7 1 7 1.1992
1.5592 1.0474 O.9952 . O.6158 0 .6742 1.4238
1.8774 I .O 519 O.9909 O.5880 : 0 .67 7 3 1 .6 2 9 9
2.4032 1.0584 0.9835 0.5498 0.6824 I . 9 3 6 3
2.7957 1 .06 2 9 0.9794 0.5253 0 .6852 2.1432
2.9904 I .O 650 0.9764 0.5142 0 .6 8 7 4 2.2370
7 5
7 4
73
72
G R A P H  IV-6.
ACf±Sw x io2
TABLE IV . 9*
The She& lovsky  E x t r a p o l a t i o n  F u n c t i o n s  f o r  S i l v e r  
P e r c h l o r a t e  i n  a S u s p e n s i o n  of  P o l y s t y r e n e  i n  
99^  A c e to n e  -  1% B enzene .
C x  10^ S ( z ) A S ( Z) nf H
CMOH
I A c f ± 2S ( Z)
x  102
/V
A s ( . z )
1.9369 1.0536 0 .9684 0 .5 8 6 9 0 .7 2 7 2 I .5 6 3 2
2.4154 1.0594 0 .9594 0.5531 0 .7 3 4 0 1 ,82 0 1
2 .9 0 3 8 1 .0 6 5 0 0 .9534 0 .5 2 34 0 .7 3 8 7 2 .0 5 7 6
3 .5 0 8 1 1 .0 7 13 0 .9 4 8 0 0 .49 1 8 0 .7 4 2 8 2 .3 2 2 6
4 .0 5 0 9 1 .0 7 6 5 0 .9 4 3 1 0 .46 7 6 0 ,7 4 6 7 2 .5 3 6 6
84 o
( i i i )  L i s  c u ss  i o n ; -
The c o n d u c t i v i t y  of s i l v e r  n i t r a t e  i n  
a c e t o n e  has b e e n  s t u d i e d  by s e v e r a l  w o r k e r s ,  Jo n e s  and 
B o u i l l e r  i n  1906 ( 5 3 )? R o shd e s tw e n sk y  and Lewis i n  1911 ( 54 ) ,  
M tU le r ,  G r i e n g e l  and M ol lang  i n  1926 ( 55 )? Hughes and H a r t l e y  
i n ’1933 ( 5 6 ) and m os t  r e c e n t l y ,  G r i f f i t h s  and Lawrence  i n  1955 
( 5 7 )o A l l  o f  t h e s e  w o r k e r s  c o n c lu d e d  t h a t  s i l v e r  n i t r a t e  
h eh av e s  a s  a  v e r y  weak e l e c t r o l y t e  i n  a c e t o n e  b u t  beyond t h i s  
t h e r e  i s  a v e r y  l a r g e  d i v e r g e n c e  a s  t o  i t s  q u a n t i t a t i v e
b e h a v i o u r ,  v a l u e s  f o r  th e  d i s s o c i a t i o n  c o n s t a n t  and 0 v a r y i n g
f rom  10“ 4 t o  .10-6 a n d 150 t o  3 1 7 .
The r e s u l t s  found  i n  t h i s  p r e s e n t  work a g r e e  f a i r l y  w e l l  
w i t h  t h e  m os t  r e c e n t  of t h e s e  i n v e s t i g a t i o n s , The v a l u e s  of  
/ \ 0 and K of 206 and 3*0 x  10"^ due t o  G r i f f i t h s  and Lawrence  
compare  f a v o u r a b l y  w i t h  t h e  v a l u e s  o f  227 and  1 .9  x  10“ u shown 
a b o v e .  The d i s c r e p a n c i e s ,  s m a l l  i n  t h e  above  c o m p a r i s o n ,  b u t  
r a t h e r  l a r g e  when a l l  r e p o r t s  a r e  c o n s i d e r e d ,  a r e  o b v i o u s l y  
p a r t l y  due t o  a g r a d u a l  improvement  i n  e x p e r i m e n t a l  t e c h n i q u e s .  
They a r e  however ,  u n d o u b t e d l y  p a r t l y  due t o  t h e  i n h e r e n t  
i n a c c u r a c i e s  i n v o l v e d  i n  a p p l y i n g  e x t r a p o l a t i o n  t e c h n i q u e s  t o  
v e r y  weak e l e c t r o l y t e s .  K i l p a t r i c f c ( 5&) has  d i s c u s s e d  th e  
e r r o r s  i n  d e t e r m i n i n g  th e  d i s s o c i a t i o n  c o n s t a n t s  o f  weak a c i d s
i n  a q u e o u s  s o l u t i o n s  by th e  e x t r a p o l a t i o n  method of  I v e s  ( 5 9 ),
Luoss  and  K raus  ( 6 0 ) ,  ku o ss  ( 6 l )  and S h e d l o v s k y  ( 3 6 )  i n  t h e
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l i g h t  o f  c r i t i s i s m s  made by S h e d l o v s k y  and  B e l c h e r  ( 6 2 ) ,  and. i t
would a p p e a r  t h a t  f o r  e l e c t r o l y t e s  w i t h  d i s s o c i a t i o n  c o n s t a n t s
-5s m a l l e r  t h a n  10 '  a p p r e c i a b l e  e r r o r s  a r e  l i k e l y  t o  o c c u r .
Hence i t  i s  q u i t e  p o s s i b l e . t h a t  f o r  s i l v e r  n i t r a t e  i n  a c e t o n e  
t h e  v a l u e  of  th e  d i s s o c i a t i o n  c o n s t a n t  c a l c u l a t e d  by t h e s e  
methods  i s  open t o  some d o u b t .
Graph  IV . 1 shows th e  e f f e c t s  of n i t r o m e t h a n e  and b en zen e  
on the  c o n d u c t i v i t y  o f  s i l v e r  n i t r a t e  i n  a c e t o n e .  The p o i n t s  
f o r  t h e  -1;% n i t r o m e  th a n e  s o l u t i o n  f i t  t h e  c u rv e  o r i g i n a l l y  
d raw n f o r  t h e  p u r e  a c e t o n e  s o l u t i o n  j u s t  a s  c l o s e l y  a s  t h e  
e x p e r i m e n t a l l y  d e t e r m i n e d  p o i n t s  f o r  t h e  l a t t e r ,  t h u s  i n d i c a t i n g  
t h a t  n i t r o m e t h a n e  has  no e f f e c t  on t h e  e q u i v a l e n t  c o n d u c t i v i t y .
The e f f e c t  of. b en zene  on t h e  c o n d u c t i v i t y  o f  s i l v e r  
n i t r a t e  i n  a c e t o n e  was v e r y  s m a l l .  The a p p a r e n t  change i n  
c o n d u c t i v i t y  c o u ld  a t  f i r s t  s i g h t  a l m o s t  be e x p l a i n e d  a s  
e x p e r i m e n t a l  e r r o r ,  b u t  t h e  f a c t  t h a t  t h e  change  was a n  
i n c r e a s e  a s  s h o u ld  be e x p e c t e d  f ro m  t h e  e f f e c t s  o f  o r g a n i c  b a s e s  
e n c o u ra g e d  f u r t h e r  i n v e s t i g a t i o n  u s i n g  s i l v e r  p e r c h l o r a t e  a s  
t h e  e l e c t r o l y t e ,  t for  t h i s  l a t t e r  a n y  complex  i o n  f o r m a t i o n  
s h o u ld  l e a d  t o  a  d e c r e a s e  i n  c o n d u c t i v i t y .  The e f f e c t  of  
b en zen e  on t h e  c o n d u c t i v i t y  o f  s i l v e r  p e r c h l o r a t e  was ,  a s  c an  
be s e e n  fromm G raph  I V . 2 . ,  a g a i n  s o  s m a l l  a s  t o  be a l m o s t  
i n s i g n i f i c a n t  i f  t h i s  i s o l a t e d  d e t e r m i n a t i o n  i s  c o n s i d e r e d .
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The change  i n  t h i s  c a s e  however was a  d e c r e a s e  i n  c o n d u c t i v i t y  
and t h i s  combined w i t h  th e  i n c r e a s e  o b se rv e d  f o r  t h e  s i l v e r  
n i t r a t e  s o l u t i o n ,  s t r o n g l y  s u g g e s t s  s p e c i f i c  s o l v e n t - i o n  
i n t e r a c t i o n .  Thus f a r  a q u a l i t a t i v e  i n t e r p r e t a t i o n  o f  th e  
r e s u l t s  i s  p o s s i b l e  b u t  o b v i o u s l y  an y  q u a n t i t a t i v e  t r e a t m e n t  
would n o t  o n ly  be d i f f i c u l t  b u t  t o t a l l y  u n j u s t i f i a b l e ,  A more 
d e t a i l e d  i n v e s t i g a t i o n  of t h e  p o s s i b i l i t y  of  7?  complex 
f o r m a t i o n  be tw een  benzene  and s i l v e r  io n s  has b e e n  made u s i n g  
more s e n s i t i v e  a p p a r a t u s  and  a r e v i s e d  e x p e r i m e n t a l  t e c h n i q u e .  
This  fo rm s th e  s u b j e c t  m a t t e r  of S e c t i o n  V .
Graph  IV. 3 shows th e  e f f e c t s  of d i c y c l o p e n t a d i e n e ,  
c y c l o p e n t a d i e n e  and p o l y s t y r e n e  on th e  c o n d u c t i v i t y  of  s i l v e r  
p e r c h l o r a t e  i n  a c e t o n e .  There  i s  i n  a l l  c a s e s  a marked 
d e c r e a s e  i n  / \ 0 and i n c r e a s e  i n  t h e  d i s s o c i a t i o n  c o n s t a n t .
I t  i s  of i n t e r e s t  t o  compare th e  v a l u e s  of f \  f K  and  r + f o r  
th e  1% c y c l o p e n t a d i e n e  s o l u t i o n  w i t h  t h o s e  f o r  t h e  1 % p y r i d i n e
mm
s o l u t i o n  g i v e n  i n  S e c t i o n  11 . The d i s s o c i a t i o n  c o n s t a n t s  f o r  
t h e s e  s o l u t i o n s ,  1 ,7  and 2 . 8  x  10“ 3 r e s p e c t i v e l y ,  i n d i c a t e  t h a t  
a g r e a t e r  e x t e n t  of p r e f e r e n t i a l  s o l v a t i o n  e x i s t s  i n  th e  
p y r i d i n e  s o l u t i o n ,  y e t  th e  A 0 f o r  s i l v e r  p e r c h l o r a t e  i n  t h e s e  
s o l v e n t  m i x t u r e s  ( l 6 0  and 1 6 7 ) ,  would l e a d  t o  the  c o n c l u s i o n  
t h a t  t h e  c y c l o p e n t a d i e n y l  complex i o n  has th e  lo w e r  m o b i l i t y  
and hence  i s  o f  g r e a t e r  b u l k .  T h is  i s  r e f l e c t e d  i n  th e  v a l u e s
n 0of 3 . 9A and 3 »4A f o r  t h e  S t o k e s 1 r a d i i .  I t  i s  u n d o u b t e d l y
87.
d a n g e r o u s  t o  p l a c e  t o o  much f a i t h  i n  th e  q u a n t i t a t i v e  v a l u e s  
m e n t io n e d  h u t  a t  th e  same t ime i t  i s  r e a s o n a b l e  t o  c o n c lu d e  
t h a t  t h e  c y c l o p e n t a d i e n y l  complex i o n  i s  of c o n s i d e r a b l e  b u lk  
and t h e r e f o r e  p r o b a b l y  c o n t a i n s  more t h a n  one c y c l o p e n t a d i e n e  
m o le c u le *
The e f f e c t  of  d i c y c l o p e n t a d i e n e  i s  a l s o  of  i n t e r e s t *  A 
g r e a t e r  d e c r e a s e  i n  / \  0 i s  p ro d u ce d  t h a n  f o r  th e  monomer 
w h e rea s  t h e  d i s s o c i a t i o n  c o n s t a n t  has  n o t  i n c r e a s e d  t o  th e  same 
e x t e n t .  Thus i t  would a p p e a r  t h a t  th e  d i c y c l o p e n t a d i e n y l  
complex i o n  i s  of g r e a t e r  b u lk  t h a n  th e  c y c l o p e n t a d i e n y l  
complex i o n  and y e t  t h a t  p r e f e r e n t i a l  s o l v a t i o n  i s  more 
e x t e n s i v e  i n  t h e  l a t t e r  c a s e ,  Ve have a l r e a d y  d ed uced  t h a t  t h e  
c y c l o p e n t a d i e n y l  complex p r o b a b l y  c o n t a i n s  two o r g a n i c  
m o l e c u l e s  and i f  t h e  same a p p l i e s  t o  t h e  d im e r  we s h o u ld  
e x p e c t  a g r e a t e r ,  n o t  s m a l l e r ,  d i s s o c i a t i o n  c o n s t a n t  f o r  t h i s  
l a t t e r  co m p lex ing  a g e n t .  Hence i t  i s  m os t  l i k e l y  t h a t  th e  
d i c y c l o p e n t a d i e n y l  complex i o n  c o n t a i n s  on ly  one 
d i c y c l o p e n t a d i e n e  m o le c u le  and t h a t  t h e . r e l a t i v e l y  g r e a t e r  
m o b i l i t y  of  t h e  c y c l o p e n t a d i e n y l  complex i o n ,  w h ich  on t h i s  
b a s i s  i s  o f  v i r t u a l l y  th e  same 'mass, i s  due t o  f a c i l e  p a c k i n g  
of t h e  monomeric  m o le c u l e s  a ro u n d  t h e ' s i l v e r  i o n  su c h  a s  would 
o c c u r  f o r  t h e  s t r u c t u r e  due t o  M o f f i t t  shown i n  s u b - s e c t i o n  ( i ) ,  
F u r t h e r  s u p p o r t  f o r  t h i s  s t r u c t u r e  i s  s u p p l i e d  by t h e  r+ and 
"a"  v a l u e s  f o r  th e  two b i n a r y  m i x t u r e s .  A l t h o u g h  t h e r e  i s  a
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marked i n c r e a s e  i n  t h e  S t o k e s 1 r a d i u s  i n  g o in g  from  t h e  
c y c l o p e n t a d i e n y l  t o  th e  d i c y c l o p e n t a d i e n y l  com plex ,  a s  i s  
c o n s i s t e n t  w i t h  th e  c o n c e p t i o n  of  a  compact  complex a s  compared 
w i t h  one of  a  more d i f f u s e  n a t u r e ,  th e  v a l u e s  of th e  B je r ru m  
p a r a m e t e r  a r e  a p p r o x i m a t e l y  t h e  same. T h is  i s  r e a s o n a b l e  i n  
view of th e  f a c t  t h a t  t h e  " sa n d w ic h  m o le c u le "  ty p e  of  s t r u c t u r e  
s h i e l d s  th e  i o n  from a p p r o a c h  i n  any  d i r e c t i o n  w h e reas  any  
s t r u c t u r e  f o r m u l a t e d  f o r  a complex be tw een  one s i l v e r  i o n  andcne  
t r i c y c l i c ,  and hence n e c e s s a r i l y  m o n o p la n a r ,  m o l e c u l e ,  m us t  
a l l o w  f a c i l e  a p p r o a c h  of t h e  i o n  i n  a t  l e a s t  one d i r e c t i o n .
Some j u s t i f i c a t i o n  f o r  th e  use  of  th e  t e r n a r y  s y s te m ,  
a c e t o n e - b e n z e n e - p o l y s t y r e n e ,  i s  now a p p a r e n t  s i n c e ,  a s  a l r e a d y  
shown, t h e  e f f e c t  of benzene i s  v e ry  s m a l l  and c e r t a i n l y '  
i n s i g n i f i c a n t  compared w i t h  t h e  e f f e c t  o f  t h e  p o l y s t y r e n e  
m i x t u r e .  I t  i s  d i f f i c u l t  t h e r e f o r e  t o  a e c o u n t  f o r  t h e  l a r g e  
d e c r e a s e  i n  c o n d u c t i v i t y  o b se rv e d  f o r  t h i s  s o l u t i o n  on any  
g r o u n d s  o t h e r  t h a n  some e f f e c t  due  t o  p o l y s t y r e n e  a l o n e .  One 
f u r t h e r  p o s s i b i l i t y  however  does  . a d m i t e d l y  g i v e  some cau se  f o r  
c o n c e r n .  The s o l v e n t  m i x t u r e s  used  i n v o l v e d  a f i n e  s u s p e n s i o n  
of p o l y s t y r e n e ,  th e  f i n e  u n d i s s o l v e d  p a r t i c l e s  of w h ich  c o u ld  
c o n c e i v a b l y  a d s o r b  s i l v e r  i o n s  f rom  s o l u t i o n .  On th e  o t h e r  
hand t h i s  i s  p r o b a b l y  n o t  a  v a l i d  o b j e c t i o n  s i n c e  i t  i s  
u n d o u b t e d l y  d i f f i c u l t ,  and p o s s i b l y  n o t  p e r m i s s i b l e ,  t o  
d i s t i n g u i s h  b e tw e e n  l a r g e  d i s s o l v e d  p o lym er  m o le c u l e s  and s m a l l
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j;:
u n d i s s o l v e d  p o lym er  p a r t i c l e s .  f
f .  ; i
i':.:
The d e c r e a s e ,  i n  c o n d u c t i v i t y  f o r  th e  p o l y s t y r e n e  s o l u t i o n  |:;
a p p e a r s *  a t  f i r s t  s i g h t ,  t o  be v e r y  l a r g e ,  b u t  a c l o s e r  f
e x a m i n a t i o n ,  p a r t i c u l a r l y  of  t h e  e x c e p t i o n a l l y  h i g h  v a lu e  of j
t h e  d i s s o c i a t i o n  c o n s t a n t ,  r e v e a l s  t h a t  i t  i s  n o t  so  l a r g e  a s  j: 
m ig h t  w e l l  be e x p e c t e d .  T h is  i s  r e f l e c t e d  i n  t h e  r e l a t i v e  f
v a l u e s  of  th e  B je r ru m  p a r a m e t e r  and S to k e s*  r a d i u s ,  t h e  f o r m e r  J
h av in g  a n  e x c e p t i o n a l l y  h i g h  v a l u e  i n  t h i s  s o l u t i o n .  I t  i s  I
p o s s i b l e  t h a t  th e  a d s o r p t i o n  of  s i l v e r  i o n s  on u n d i s s o l v e d  h
po lym er  p a r t i c l e s  may a c c o u n t  f o r  t h i s  o r  t h a t  i t  i s  due i n ,  fiL
some way t o  th e  t e r n a r y  n a t u r e  of  t h e  s o l v e n t  m i x t u r e .  A more j:
l i k e l y  e x p l a n a t i o n  however i s  t h a t  one p o l y s t y r e n e  m o le c u l e  i s  I;
ji
c a p a b le  o f  com p lex in g  w i t h  more t h a n  one s i l v e r  i o n .  Under  f
t h e s e  c i r c u m s t a n c e s  one complex i o n  may be q u i t e  h i g h l y  c h a rg e d  ! 
and t h i s  would a f f e c t  t h e  m o b i l i t y  i n  s u c h  a way a s  t o  p a r t i a l l y  j 
com pensa te  f o r  th e  l a r g e  b u lk  of  t h e  i o n .  T h is  s t a t e  o f  a f f a i r s  j r  
w i l l  f u r t h e r  c o m p l i c a t e  m a t t e r s ,  f o r  t h e  B je r ru m  p a r a m e t e r  w i l l  j:
now be a more complex f u n c t i o n  and i t  w i l l  be u n c e r t a i n  w h e t h e r  |i
i t  i s  a m ea su re  of  t h e  d i s t a n c e  of  c l o s e s t  a p p r o a c h  o f  t h e  
l a r g e  m u l t i p l y  c h a r g e d  i o n s  o r  t h e  m e a n ,d i s t a n c e '  o f  s e p a r a t i o n  j!
o f  s i l v e r  i o n s  w i t h i n  th e  complex i o n s .  A t  th e  same t im e  th e  ?j;
p r o p o r t i o n  of s i l v e r  io n s  complexed may be u n u s u a l l y  h i g h  t h u s  ji
c a u s i n g  a  r e l a t i v e l y  g r e a t e r  i n c r e a s e  i n  th e  d i s s o c i a t i o n  |
I,
c o n s t a n t .  I
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The fo rm a t io n  of complex io n s  of the type mentioned above  
would be favoured by the e x tr e m e ly  low s o l u b i l i t y  of  p o ly s ty r e n e  
in  -acetone ,  but i n h i b i t e d  by the mutual r e p u l s i o n  of  the s i l v e r  
i o n s .
( i v )  C o n c lu s io n s s -
S i l v e r  ions  r e a d i l y  form complex io n s  
w ith  n i t r o g e n o u s  organ ic  ba ses  as  concluded i n  S e c t i o n s  11 and 
XTT. Such complex io n s  are  not  formed f o r  n i trom ethane  however,  
i n d i c a t i n g  t h a t  i t  i s  the a v a i l a b i l i t y  o f  the 'Tf. e l e c t r o n s  on 
the n i t r o g e n  atoms th a t  i s  the  d e ter m in in g  f a c t o r  i n  complex  
i o n  fo r m a t io n  of t h i s  ty p e .  Hence i t  i s  r e a so n a b le  to  conclude  
t h a t  i n  the a bsen ce  of r e g io n s  of  h igh  e l e c t r o n  d e n s i t y  such  as  
o l e f i n i c  bonds,  n o n - b a s ic  n i t r o g e n o u s  compounds w i l l  not  
p r e f e r e n t i a l l y  s o l v a t e  s i l v e r  i o n s ,  a t  l e a s t ,  no t  i n  a c e to n e  
s o l u t i o n s .
The r e s u l t s  f o r  benzene a r e ,  as  a l r e a d y  d i s c u s s e d ,  r a th e r  
i n d e c i s i v e ,  but i t  can be l e g i t i m a t e l y  c la im ed t h a t  a s l i g h t  
tendency  f o r  the p r e f e r e n t i a l  s o l v a t i o n  of  s i l v e r  io n s  by 
benzene i n  b e n z e n e -a c e to n e  s o l v e n t  m ix tu r es  has been  
d e m o n stra ted .  I t  i s  probab le  th a t  t h i s  i s  due t o  a weak a f f i n i t y  
between s i l v e r  io n s  and the e l e c t r o n  c lo u d s  above and below the  
plane  o f  the a r o m at ic  m o l e c u l e ,  but i n  the a b sen ce  of  more
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d e t a i l e d  knowledge of  th e  c o n d u c t i v i t y  changes  i n d u c e d  by 
benzene  i t  i s  n o t  p o s s i b l e  t o  e x te n d  th e  c o n c l u s i o n s  beyond 
t h i s *
C y c l o p e n t a d i e n e ,  d i c y c l o p e n t a d i e n e  and p o l y s t y r e n e  a l l  
d e c r e a s e  th e  m o b i l i t y  of s i l v e r  i o n s  i n  a c e t o n e  s o l u t i o n s  and 
c o n s i d e r a b l y  enhance© t h e  d i s s o c i a t i o n  of t h e  s i l v e r  s a l t ,  
i n d i c a t i n g  t h a t  e x t e n s i v e  p r e f e r e n t i a l  S o l v a t i o n  i s  t a k i n g  
p l a c e ,  A c o m p a r i s o n  of  th e  e f f e c t s  o f , c y c l o p e n t a d i e n e  and 
d i c y c l o p e n t a d i e n e  l e a d s  t o  t h e  c o n c l u s i o n  t h a t  complex i o n s  of
I
co m p a rab le  mass a r e  formed b u t  t h a t  i n  th e  c a s e  of t h e  monomer 
t h e y  a r e  more compact  and hence  more m obi le*  These  f a c t s  a r c  
c o n s i s t e n t  w i t h  t h e  f o r m a t i o n  of  a “ san dw ich  m o l e c u l e ” ty p e  
complex i n  t h e  c a s e  of c y c l o p e n t a d i e n e ,  and complex i o n  
f o r m a t i o n  i n v o l v i n g  one s i l v e r  i o n  and one o r g a n i c  m o le c u l e  i n  
t h e  c a s e  of d i c y c l o p e n t a d i e n e .
The v a l u e  o f  t h e  r e s u l t s  f o r  t h e  p o l y s t y r e n e  s o l u t i o n s  
i n v e s t i g a t e d  i s  somewhat i m p a i r e d  by t h e  t e r n a r y  n a t u r e  o f . t h e  
s o l v e n t  and t h e  i n c l u s i o n  of  u n d is so lv e d .  p o l y s t y r e n e ,  
N e v e r t h e l e s s  th e  r e s u l t s  s t r o n g l y  i n d i c a t e  t h a t  s p e c i f i c  
s o l v e n t - i o n  i n t e r a c t i o n  i n v o l v i n g  s i l v e r  i o n s  and p o lym er  
m o l e c u l e s  t a k e s  p l a c e .  M oreover  i t  i s  s u b m i t t e d  t h a t  t h e  m os t  
p r o b a b l e  e x p l a n a t i o n  of  t h e  r e s u l t s  i n v o l v e s  a h i g h  v a l u e  of 
the- r a t i o  of s i l v e r  i o n s  t o  p o l y s t y r e n e  m o l e c u l e s  i n  th e '  
r e s u l t i n g  complex  i o n .
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( i )  H i s t o r i c a l ! -
C o n d u c t i v i t y  m ea su re m e n ts  r e q u i r i n g  
h i g h  s e n s i t i v i t y  and i n s t a n t a n e o u s  r e s p o n s e  have i n  t h e  r e c e n t  
p a s t ,  i n v o l v e d  th e  use  of megacj^cle f r e q u e n c y  o s c i l l a t o r  !
c i r c u i t s .  T h is  t e c h n i q u e  l e n d s  i t s e l f  a d m i r a b l y  t o  t h e  
d e t e r m i n a t i o n  of r a p i d  r e a c t i o n  r a t e s  a s  shown by Flom and 
E l v i n g  ( 6 3 ) ,  and has a l s o  been  u se d  f o r  t h e  d e t e c t i o n  of  t h e  [
e q u i v a l e n c e  p o i n t  i n  th e  u s u a l  t y p e s  of  t i t r i m e t r i c  r e a c t i o n s ,  j
Most o s c i l l a t o r - d e t e c t o r  u n i t s  f a l l  i n t o  one of  t h r e e  c l a s s e s  j
on t h e  b a s i s  o f  th e  e l e c t r i c a l  p r o p e r t y  m e a s u re d ,  ( a )  |
m easu re m e n t  of  h i g h  f r e q u e n c y  c o n d u c ta n c e  change or l o s s ,  (b )  j
m easu re m e n t  of e q u i v a l e n t  c a p a c i t a n c e  ch an g e ,  and ( c )  c o m p o s i t e  |
m ea su rem en t  of  b o t h  e q u i v a l e n t  c a p a c i t a n c e  and h i g h  f r e q u e n c y  1
c o n d u c t a n c e .
C o n d u c t io n s  t r i e  m ea su re m e n ts  a t  1500 c y c l e s  have b e e n  o f  
u se  i n  i n v e s t i g a t i n g  th e  e f f e c t s  o f  s e v e r a l  o r g a n i c  compounds j
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on th e  c o n d u c t i v i t y  of  s i l v e r  s a l t s  i n  a c e t o n e  and e t h y l e n e  
g l y c o l  s o l u t i o n s .  I n  th e  c a s e  of benzene  however ,  t h e  
o s c i l l a t o r  c i r c u i t  u sed  was o n l y  s e n s i t i v e  enough  t o  d e t e c t  th e  
change  i n  c o n d u c t i v i t y ,  no q u a n t i t a t i v e  m ea su rem en ts  b e in g  
p o s s i b l e ,  F o r  t h i s  r e a s o n  i t  was d e c i d e d  t o  a t t e m p t  t o  m easu re  
t h e  e f f e c t  due t o  benzene u s i n g  a  more s e n s i t i v e  b r i d g e  o f  
1 0 ,0 0 0  c y c l e s  and ty p e  ( c )  m e n t io n e d  a b o v e ,  w i t h  a n  
o s c i l l o s c o p e  a s  a d e t e c t o r  u n i t  i n  p l a c e  o f  t h e  m e t e r  o f  t h e  
p r e v i o u s  work and u s i n g  a r e v i s e d  e x p e r i m e n t a l  t e c h n i q u e .
( i i )  E x p e r i m e n t a l s -
The 10 k i l o c y c l e  b r i d g e  used  was a 
t r a n s f o r m e r  r a t i o - a r m  b r i d g e ,  d e s i g n e d  and c o n s t r u c t e d  by 
Wayne K e r r  L a b o r a t o r i e s ,  and i s  shown d i a g r a m m a t i c a l l y  i n  
FIG. 6 .  Gu and Xu were t h e  unknown c o n d u c ta n c e  and r e a c t a n c e  
w h ich  i n  o u r  c a s e  was a c o n d u c t i v i t y  c e l l ,  w hereas  Gs and Xs 
were t h e  s t a n d a r d  c o n d u c ta n c e  and r e a c t a n c e .  The l a t t e r  v/ere 
c o n t i n u o u s l y  v a r i a b l e  b u t  were a r r a n g e d  i n  d e c a d e  s t a g e s ,  th e
8 A
u p p e r  and lo w e r  l i m i t s  b e in g  1Q~ - 10 m i c r o f a r a d s  and. 10 gemho 
-  O .lmho.  The s o u r c e  was a  10,000  c y c l e  o s c i l l a t o r  and th e  
d e t e c t o r  was a n  o s c i l l o s c o p e .  T h is  e x p e r i m e n t a l  s e t  up was 
e x t r e m e l y  s e n s i t i v e ,  a •change i n  Gu of  one p a r t  i n  a  m i l l i o n  
b e in g  d e t e c t a b l e  i f  n o t  m easu re -ab le .
9 7 .
The u se  of  a  powered  camera u n i t  on th e  o s c i l l o s c o p e  
a l l o w e i  a c o n t i n u o u s  r e c o r d  o f  t h e  o s c i l l o s c o p e  p i c t u r e  t o  he 
made by th e  p r o c e s s  of p a n n in g  p h o t o g r a p h i c  r e c o r d i n g  p a p e r  
p a s t  t h e  f a c e  of  t h e  o s c i l l o s c o p e  s c r e e n .  Thus when th e  
o s c i l l o s c o p e  was t r i g g e r e d  b a ch  t o  g i v e  a s p o t  p i c t u r e ,  an y
v a r i a t i o n  i n  t h e  c o n d u c ta n c e  o r  r e a c t a n c e  p r o p e r t i e s  of  t h e
c o n t e n t s  o f  th e  c o n d u c t i v i t y  c e l l  c a u se d  a  change  i n  t h e  
b a l a n c e  of t h e  b r i d g e  w h ich  i n  t u r n  c a u s e d  a v a r i a t i o n  i n  th e  
t h i c k n e s s  of t h e  l i n e  i n  th e  p h o t o g r a p h i c  t r a c e .
The c o n d u c t i v i t y  c e l l  u sed  f o r  t h e s e  i n v e s t i g a t i o n s  i s
shown, t o g e t h e r  w i t h  i t s  a p p e n d e n t  a p p a r a t u s ,  i n  PIG. t h e  
k e y  t o  w h ich  i s  a S ' f o l l o w s .
A . . . . . . V e s s e l  c o n t a i n i n g  p u r e  a c e t o n e .
S . . . . . . S o l u t i o n  of  a s i l v e r  s a l t  i n  a c e t o n e  of known
c o n c e n t r a t i o n .
E . . . . . . E l e c t r o d e s .
Y . . . . . . S o l i d ,  n y l o n  s e a l .
C . . o . • . F i n e  d raw n ou t  c a p i l l a r y .
L . . . . . a O i l  l e v e l  i n  t h e  t h e r m o s t a t .
b , . . . . .B e n z e n e .
R«. . . .  .B e n ze n e  r e s e v o i r .
T . . . . . .R u b b e r  t e a t
^ • • • • • P a s s a g e  of n i t r o g e n  ( a r r o w s  i n d i c a t e  th e
d i r e c t i o n  of  f l o w )
9 8 .
The f o l l o w i n g  e x p e r i m e n t a l  p r o c e d u r e  was a d o p te d  w i t h  t h i s  
a p p a r a t u s .  A known volume of  th e  s i l v e r  s a l t  s o l u t i o n  ,,B” was 
i n t r o d u c e d  i n t o  t h e  s e l l  u s i n g  th e  b lo w - o v e r  FLASK A (FIG. 3 . ) ^  
b y . t h e  p r o c e s s  of  w e ig h in g  t h e  f l a s k  b e f o r e  and a f t e r  th e  
a d d i t i o n .  N i t r o g e n  was t h e n  p a s s e d  t h r o u g h  th e  a p p a r a t u s  , t o  
e n s u r e  c o m p le te  m ix in g ,  f u r  t h e  d u r a t i o n  of  th e  e x p e r i m e n t ,  th e  
f u n c t i o n  of  th e  p u re  a c e t o n e  b e in g  to  s a t u r a t e  t h e  n i t r o g e n  w i t h  
a c e t o n e  vapour#  I t  was found t h a t  t h e  c o n t i n u o u s  p a s s a g e  of  
s u c h  n i t r o g e n  f o r  s e v e r a l  h o u r s  had no e f f e c t  on t h e .  o v e r a l l '  
mass of t h e  s o l u t i o n ,  showing t h a t  l i t t l e  o r  no e v a p o r a t i o n  was 
o c c u r i n g .  When t e m p e r a t u r e  e q u i l i b r i u m  had b e e n  a t t a i n e d  th e  
c e l l  was c o n n e c t e d  t o  t h e  b r i d g e  w h ich  was t h e n  c a r e f u l l y  ' 
b a l a n c e d .  A p h o t o g r a p h i c  t r a c e  was t h e n  s t a r t e d  and a f t e r  a 
l a p s e  of  a p p r o x i m a t e l y  one m i n u t e ,  a n  a d d i t i o n  of  benzene  was 
made. F o r  t h e  c a p i l l a r y  u s e d ,  one d ro p  o f  benzene  weighed  
O.OJO t  0.0005  grams and i t  was foun d  t h a t  t h e  c o m b i n a t i o n  of 
t h i s  c a p i l l a r y  p l u s  th e  c a r e f u l  m a n i p u l a t i o n  of  t h e  r u b b e r  t e a t  
(T ) ,  a l l o w e d  t h e  a d d i t i o n  of  s e p a r a t e  d r o p s  t o  be made.  I n  
t h i s  way th e  e f f e c t  o f  a  g i v e n  c o n c e n t r a t i o n  o f  benzene  was 
r e c o r d e d  on th e  p h o t o g r a p h i c  t r a c e #
The p r e l i m i n a r y  i n v e s t i g a t i o n s  were of  a  p u r e l y  q u a l i t a t i v e  
n a ! tu re ,  b u t  the  r e s u l t s  were s u f f i c i e n t l y  e n c o u r a g i n g  t o  j u s t i f y  
a n  a t t e m p t  t o  m e a su re  q u a n t i t a t i v e l y  th e  s m a l l  chan g es  t h a t  were
9 9 .
o b s e r v e d .  T h is  i n v o l v e d  making c a l i b r a t i o n  t r a c e s  f o r  th e  
b r i d g e  u se d .  The r a n g e  v?as f i r s t  s e l e c t e d  and t h e n  t h e  b r i d g e  
was c a r e f u l l y  b a l a n c e d .  A p h o t o g r a p h i c  t r a c e  was s t a r t e d  and 
th e  b a l a n c e  was d e l i b e r a t e l y  d i s t u r b e d  by p r o g r e s s i v e l y  
i n c r e a s e i n g  Gs .  Hence, f o r  exam ple ,  i n  th e  c a se  of  t h e  0.001  
mho r a n g e ,  t h e  v a lu e  of  Gs was changed by 1 gemho e v e r y  f i v e  
s e c o n d s 9 and th e  r e s u l t i n g  change  i n  t r a c e  w i d t h  was n o t e d .
These c a l i b r a t i o n  t r a c e s  were used  i n  th e  q u a n t i t a t i v e  ?
e s t i m a t i o n  of  th e  ch an g e s  i n  c o n d u c t i v i t y  c a u s e d  by b e n z e n e ,  i 
t h e  change  i n  w i d t h  f o r  th e  benzene  t r a c e s  b e in g  compared w i t h  I 
t h o s e  f o r  t h e  c a l i b r a t i o n  t r a c e s .  1 ,
The e r r o i s  of t h i s  e x p e r i m e n t a l  t e c h n i q u e  a r e  r e l a t i v e l y  I 
l a r g e  and w i l l  be d i s c u s s e d  l a t e r .  I n  o r d e r  t o  e n s u r e  t h a t  t h e  
c o n d u c t i v i t y  changes  o b se rv ed  were n o t  due t o  some s p u r i o u s  I
i ! j
e f f e c t  s u c h  a s  a t e m p e r a t u r e  e f f e c t ,  t h e  t e c h n i q u e  was used  t o  ? 
.examine t h e  e f f e c t  of benzene  on a c e t o n e  a l o n e t  The o n ly  e f f e c t  I 
d e t e c t e d  i n  t h i s  c a s e  was a  s m a l l  i n c r e a s e  i n  c o n d u c t i v i t y .
Most of t h e  e x p e r i m e n t a l  r u n s  made a l s o  in c lu ded ,  a f i n a l  
a d d i t i o n  o f  p y r i d i n e  and th e  c o m p a r i t i v e l y  l a r g e  change  i n  
band w i d t h  p ro d u c e d  by t h e  p y r i d i n e  and m easu red  by r e b a l a n c i n g  
th e  b r i d g e  a t  t h e  end of  a r u n ,  was a l s o  used a s  a c a l i b r a t i o n  
i n  one or  two c a s e s .
I n  o r d e r  t o  t e s t  t h a t  t h e  e f f e c t  of  benzene  was due t o  i t s  
a r o m a t i c  c h a r a c t e r ,  one q u a l i t a t i v e  i n v e s t i g a t i o n  of t h e  e f f e c t  
of  t o l u e n e  on th e  c o n d u c t i v i t y  o f  a s i l v e r  n i t r a t e  s o l u t i o n  was 
made. The n i t r a t e  was c h o s e n  i n  t h e  hope of  d e m o n s t r a t i n g  t h a t  
t h e  d e c r e a s e  i n  c o n d u c t i v i t y  o b s e rv e d  was due t o  a d e c r e a s e  i n  
th e  m o b i l i t y  of  t h e  c a t i o n  a s  opposed t o  t h e  a n i o n .
F a i r l y  good r e p r o d u c t i o n  f o r  th e  e f f e c t s  of e q u a l  amounts  
of benzene  on s o l u t i o n s  of  e q u a l  c o n c e n t r a t i o n  was o b t a i n e d  
and th e  q u a n t i t a t i v e  r e d u c t i o n  i n  c o n d u c t i v i t y  c o u ld  be r e l a t e d  
to  th e  c o n c e n t r a t i o n  of s i l v e r  i o n s  a s  w i l l  b e . s e e n  l a t e r *  The 
p o s s i b i l i t y  o f  d e t e c t i n g  a r e l a t i o n s h i p  be tw een  th e  m o le ,  
f r a c t i o n s  o f  benzen e  and s i l v e r  i o n s  was c o n s i d e r e d ,  and w i t h  
t h i s  i n  mind th e  f o l l o w i n g  i n v e s t i g a t i o n  was made,  Very  d i l u t e  
s o l u t i o n s  of s i l v e r  p e r c h l o r a t e  i n  a c e t o n e  and o f  benzene  i n  
a c e t o n e  were p r e p a r e d  q u a n t i t a t i v e l y .  The c o n c e n t r a t i o n  of  
benzene  i n  th e  l a t t e r  s o l u t i o n  was s u c h  t h a t  t h e  a d d i t i o n  of
5 m i s ,  t o  120 m i s .  of  t h e  s i l v e r  p e r c h l o r a t e  s o l u t i o n  gave a
\
r e s u l t i n g  m i x t u r e  c o n t a i n i n g  e q u i m o l e c u l a r  p r o p o r t i o n s ’ of  
s i l v e r  and b e n z e n e .
C o n t r a r y  t o  e x p e c t a t i o n ,  T h is  method showed t h a t  th e  
a d d i t i o n  of  benzen e  up t o  and c o n s i d e r a b l y  beyond th e  mass 
r e q u i r e d  f o r  a one t o  one r e l a t i o n s h i p  w i t h  s i l v e r ,  had no 
e f f e c t  on t h e  c o n d u c t i v i t y ,  a t  l e a s t  n o t  one t h a t  co u ld  be
101.
d e t e c t e d  a t  t h o s e  c o n c e n t r a t i o n s .  However t h e  f u r t h e r  a d d i t i o n  
o f  two d r o p s  of  p u re  b e n z e n e ,  i . e .  n o t  d i s s o l v e d  i n  a c e t o n e  
had a n  a p p r e c i a b l e  e f f e c t  on th e  c o n d u c t i v i t y .  M oreover  th e  
s e p a r a t e  a d d i t i o n  of b o t h  d r o p s  was r e c o r d e d  on t h e  o s c i l l o s c o p e
t r a c e .
P a g e s  102 , 103 and  104 a r e  p h o t o s t a t i c  c o p i e s  o f  t h e  
o s c i l l o s c o p e  t r a c e s  t a k e n  and p a g es  105 t o  108 g i v e , t h e  band 
w i d t h s  o f  t h e s e  t r a c e s  t o g e t h e r  w i t h  ' the  d e r i v e d  c o n d u c t i v i t y  
c h a n g e s .  A l l  band w i d t h s  were m easu red  u s i n g  a t r a v e l l i n g  
m i c r o s c o p e .  The r e s u l t s  a r e  shown i n  t a b l e s  V . l .  and V . 2 . ,  
and i n  G raph  V . l .
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m i ©  WIDTHS AS MEASURED BY THE 
TRAVELLING MICROSCOPE. 
S o l u t i o n  1 .
a  • . , .  .0 .062^ f . . *
b. g . . .
c . , , 0o068 y  0 .0 5 9 h .  •«
>
,d. • ... 0 005^ i  • •
e .
Hence9 change  i n  c o n d u c t i v i t y  due  t o  "benzene i s  0 , 144c m s . ,
8w h ich  i s  e q u a l  t o  9.64  x  10*" mhos when c o r r e c t e d  f o r  t h e  c e l l  
c o n s t a n t .
S o l u t i o n  2 .
p . . .
p * . . . . 0 . 0 6 8 j  * . .
, . 0 . 1 6 6
n n & Z ’ k .  0 •q . . .  
q** •
X 0 0 0
,  , 0 . 0 6 8  
. . 0 . 0 7 5
1 .  • .
>  0 . 0 7 2
f
• . 0 . 1 6 2  * 
7
r * . • . . 0 . 0 8 2 H3. •
. . 0 . 1 6 6
O 074 Co.
s * . . . . 0 . 0 6 8
*« r
Hence,  change i n  c o n d u c t i v i t y  due t o  b en ze n e  i s  0 . 092c m s . ,
- 6
w h ic h  i s  e q u a l  t o  1.126  x  10 mhos when c o r r e c t e d  f o r  t h e  c e l l  
c o n s t a n t .
106 .
S o l u t i o n  3
A*,.«
B » . .
C! , . , , 0 0 a 103 V
3) f ,  S a 0 • 112 f
B * . .
311. .
0 .1 0 0
•
Gr*, .  .
H » .* .
I ?, . ,
J 1* . . . . 0 . 3 0 0
]£*•••
0.304
Hence,  change i n  c o n d u c t i v i t y  due t o  benzene  i s  0 . 204cm s . ,  
w h ic h  i s  e q u a l  t o  2 . 5 0  x  10*“^mhos when c o r r e c t e d  f o r  th e  c e l l  
c o n s t a n t .
1 .  . .
2 , o .
3 . . .
4 . , . 1
5 " .
6 . . .
7 . . .
8 . .  .
y o . i i i V 0 .3 1 9
17 • ••  « 0 , 8 o i
1 8 . . . . 0 . 7 9 7
1 9 . . . . 0 . 8 0 0
20 . . . . 0.804
y  0 .8 0 0
S o l u t i o n  4 .
9 ..............0 .3 2 0
• 1 0 ........... 0 .3 2 0
1 1 ............0.313
I
1 2 ........... 0 ,31 2
1 3 . . . .  . 0 . 3 1 2  |f
i
14 . . . . . 0 . 3 1 4 !
1 5 ........... 0 . 3 2 2 1
16o • .  • «0«3l8j
U s in g  t h e  t o t a l  change a s  t h e  c a l i b r a t i o n ,  a  change  o f .  
0*690cms. i n  band w i d t h  i s  o b s e r v e d  t o  c o r r e s p o n d  t o  a  
c o n d u c t i v i t y  c h a n g e . of  25*6 gemhos* T h e r e f o r e  a  change  o f  
0 , 269cms. = a  change  o f  1 gemhos, Hence,  change i n  c o n d u c t i v i t y  
due t o  benzene  i s  0 .2 0 8 c m s . ,  w h ic h  i s  e q u a l  t o  7*77 x  10~^mhos.
10 7 .
S o l u t i o n  5 o
3 8 . . . , 0 . 1 0 ? 4 5 *** *0.  dd 9
3 9 . . . . 0 . 1 0 7 4 6 . . 9 . 0 . 2 2 8
40.90  eOo 12 3 4 7 . 9 . . 0 . 2 2 8
4 1 * . . . 0 .1 2 0 y 0*116 4 8 . - . . 0 . 2 3 6
42 * . . .  0 e 114 49 . " . . . 0 . 2 3 7
4 3 . . . . 0 * 1 1 6 5 0 . . . . 0 . 2 3 4
44 » . . .  0 .1 d 6_ 5 1 . . . . 0 . 2 3 8
5 2 . . . . 0 . 2 3 7 J
> 0.233
53 • • • • 1 •470 
54 • • . .  1 . 4 72
55 * • • ° 1*473 
56 ••*  * 1*467
i ,
U s in g  th e  t o t a l  change  a s  t h e  c a l i b r a t i o n ,  a  change of  
1 «354cms. i n  band w i d t h  i s  o b se rv e d  t o  c o r r e s p o n d  t o  a  
c o n d u c t i v i t y  change of  0*115 gemhos. T h e r e f o r e  a change i n  
c o n d u c t i v i t y  of 0*1 gemho = a  change  of  l « l 8  cms. Hence,
change i n  c o n d u c t i v i t y  due t o  benzene  i s  0 .1 1 7cm s .  w h ich  i s
-8  ’
e q u a l  t o  i* 0 0  x  10 mhos
2 1 . . . . 0.141  
2 ^ . o  * • 0 o 1 4 d
d 3 0 »* c 0 p 13 7
24 . . .  * 0* 137 
25 * * * * 0o142
> 0.140
2 6 . . .  *0 . 143  ^0
S o l u t i o n  6 .
2 7 . . . . 0 . 1 2 2
^ 8 .  o a . 0 *  1 2 4
2 9 . . . . 0 . 1 2 7
3 0 * 9  0 © 0 o 1 2  6
3 1 * * * * 0 .12 9
3 2 0 . . . 0 . 1 2 3
J
> Ool25
3 3 *«» . 0 . 240)
34 o * * *0.240
35 >*»• • 0»24o|^ 
3 6 . o * . 0*241
0,
37 0.243
470
241
S o l u t i o n  6 0 c o n t i n u e d .O O O o
> 0.3x8 Band w i d t h s  f o r  t h e
. . .  . 0#352V
i n c l u d e d  c a l i b r a t i o n  
t r a c e ,  0 ,0 0 0 1  Bange .
a e •  •
V 0 ,232
e  a a a  0 a  12 0jo
IPran th e  c a l i b r a t i o n  b race  a  change i n  band w i d t h  of l * l 6  
cms. c o r r e s p o n d s  t o  a  c o n d u c t i v i t y  change of  1 gemho w he rea s  
th e  e q u i v a l e n t  r e l a t i o n s h i p  f o r  t h e  p y r i d i n e  t r a c e  i s  1 .20 cm s .  
= 1 gemho# ■ Hence, change i n  c o n d u c t i v i t y  due t o  b e n ze n e  i s  
0 . 0 1 5 cmsa, w h ich ,  u s i n g  th e  mean of t h e  above  r e l a t i o n s h i p s ,  
i s  e q u a l  t o  a c o n d u c t i v i t y  change of  6 . 9 8  x  10~10mhos.
C a l i b r a t i o n  T races#
0 -  0 .0 0 1  mhos r a n g e s -
The mean i n c r e a s e  i n  band w i d t h  f o r  
p r o g r e s s i v e  changes  of 0.02  i n  Os was 0 #139 cms.
Hence 0 . 07cms.= 1 gemho.
0 -  0 .0 1  mhos r a n g e s -  .
The mean i n c r e a s e  i n  band w i d t h  f o r  
p r o g e s s i v e  changes  of  0.02  i n  Os was 0 . 0760ms#
Hence 3*8 x  l O ^ c m s # ^  1 gemho
109 . 
TABLE V . l .
SOLN. % Mp s i X f
%
' I I .  
%
c
x  10"?No. gms. gms . EDG. BNG.
la 0 .2 2 0 0 . 0 5 7 . 6 7
7 * 2 8 3 .5 7  
x  1 0" 5
3 .3 9
1 7 . 1 3
.0 -  0 . 001m. X 1 0 " 5
ra* 0 0 . 0 5 7 . 6 6 5
0 - 0 .
7 .2 9  
001m. 1
3 .5 6  
x  i o - 5
3 .3 9  
x  10"5
1 7 . 1 3
2a 0 .3 5 6 0 . 0 5 2 . 8 7
0 - 0 .
2 .7 5
01m. !
1-33
X 10“ 4
1 .2 8  
x  10"4
6 4 . 3 9
2 m 0 .2 2 0 0 .1 0 2 . 9 0  
. io -  0 .
2 .7 4  
01m. 1
1 . 3 5
x  10”4
1 .2 8  
x  10"4
6 4 , 3 9
3 0 . 2 3 8 0 .1 0 7 .7 8 5  
lo -  0 .
7 . 6 0  
,01m... 1
3 . 6 2
x  10”4
3 .5 3
x  10"4
2 8 0 . 9
4 O. 2 3 8 0 ,1 0 1 . 0 6 8  
0 — 0.
1 * 0 1 3  
01m. I
4 . 9 7  
x  1 0“ 5
4 .7 1
X 1 0“ 5
3 0 . 5 4
5 O. 2 3 8 0 .1 0
1 . 4 8 2  
|o  -  0 .
1 .457  
01m«
6 . 8 9
X 10" 6
6 . 7 7 5
x  10"®
3 . 9 2 7
6 0 . 2 3 8 0 . 5 0
1 .2 0  
io -  0 ,.
1 .2 1
0001m.
5 . 5 8
x  10"?
5 . 6 3
X 10“7
0 . 2 5 3
+
7 O. 2 3 8
l . l
0 .1 0 1 .04
j 0 • •  10
1 .1 4
gem. ] 1?
5 .0 4 5  
x  10” 8,
5 . 5 1 5
x  10"®
0
TABLES V . 2 .
! ............•
SO LN. 
No.-
c x  io5 6&b d K ^
dKb ,  
—  x  103 dKb 8— x  10°
V
6 0 .2534
6.98
i n - 10X 10
0 .1 2 5 0 .2 7 6 0 .2 9 4
5 3 .9 2 7
1 .0 0  
x  10"8
0.145 O.255 4 . 2 1
1 17.13
9 .6 4
x  10"°
O.270 O.563 4 3 . 8
4 3 0 .5 4
7-77 
x 10" 7
1.54 2 .5 4 . 323
2 6 4 .3 9
1 .13
x  10" ^
0.846 1.75 317
3 2 8 0 .9
2 . 5 0
x  IO-6
O .6 9 I O.890 1050
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EBY TO TAB3TS3 Y . l .  AMD V .2 .
of  benzene  ad ded  ( g r a m s ) .
M p . . . . . M a s s  of  p y r i d i n e  added  ( g r a m s ) .
Xj.. . . .  . I n i t i a l  b r i d g e  r e a d i n g .
X£:>, o. . B i r a l  b r i d g e  r e a d i n g .
EDO. EXCxo. . . . . .  . B r i d g e  r a n g e .
K ^ , . . . . I n i t i a l  s p e c i f i c  c o n d u c t i v i t y .
Xf . . . . . F i n a l  s p e c i f i c  c o n d u c t i v i t y .
C . . . . . . C o n c e n t r a t i o n  i n  gram, e q u i v s . / l i t r e .
d X ^ . . . « Change i n ' c o n d u c t i v i t y  due t o  benzene  ( m h o s ) .  
d K ^ c . o d K b  e x p r e s s e d  a s  a. p e r c e n t a g e  of  
# . . , . r , N o  t r a c e  t a k e n .
+  A d d i t i o n  of  b enzene  c a u se d  a  m ea su re d  i n c r e a s e
of 2 . 4 3 .x  lCT^mhos.
LOG B
6
G R A P H  V- l
-5  - 4  - 3
L O G  C
113.
( i i i )  D i s c u s s i o n : -
B e fo re  any  i n t e r p r e t a t i o n  of  th e  
q u a n t i t a t i v e  r e s u i t s  of th e  benzene  ru n s  i s  a t t e m p t e d ,  i t  i s  
v i t a l  t o  a p p r e c i a t e  t h e  a c c u r a c y  of th e  d e t e r m i n a t i o n s  made.  
These e x p e r i m e n t a l  r u n s  were c a r r i e d  ou t  i n  a n  a t t e m p t  t o  
compare th e  s m a l l  changes  i n  c o n d u c t i v i t y  b r o u g h t  a b o u t  by 
t h e  a d d i t i o n  of benzene  t o  a s o l u t i o n  of s i l v e r  p e r c h l o r a t e  i n  
a c e to n e »  w i t h  th e  c o n c e n t r a t i o n s  of  t h e s e  s o l u t i o n s .
The a c t u a l  g r b s s  c o n d u c t i v i t i e s  m easured  a r e  s m a l l ,  y e t  
s u f f i c i e n t l y  a p p r e c i a b l e  t o  p e r m i t  r e l a t i v e l y  a c c u r a t e  
d e t e r m i n a t i o n s  of  t h e i r  v a l u e s  t o  be made. The a l l  i m p o r t a n t  
changes  i n  c o n d u c t i v i t y  however ,  a r e  v e r y  s m a l l ,  b e in g  of t h e  
o r d e r  of 0 . 5/2 o f  t h e  t o t a l  c o n d u c t i v i t y .  The maximum p o s s i b l e  
e r r o r  i n  t h e  d e t e r m i n a t i o n  of c o n d u c t i v i t i e s  by t h i s  method i s  
d i f f i c u l t  t o  e s t i m a t e  s i n c e  i t  d ep en d s  on a  l a r g e  v a r i e t y  of 
f a c t o r s  w h ich  i n c l u d e  b r i d g e  s e n s i t i v i t y ,  o s c i l l o s c o p e  
s e n s i t i v i t y ,  t e m p e r a t u r e  c o n t r o l  and p e r h a p s  m o s t  i m p o r t a n t  of  
a l l  e l e c t r i c a l  s c r e e n i n g .  I n d e e d ,  i t  was found  t h a t  th e  
r e p r o d u c e a b i l i t y  of th e  c o m p le te  e x p e r i m e n t a l  s e t  up v a r i e d  
f ro m  day  t o  d a y ,  th o u g h  i t  was g e n e r a l l y  good a s  i n d i c a t e d  
by a c o m p a r i s o n  of  s o l u t i o n s  l a  w i t h  l b ,  and 2a w i t h  2b,  i n  
t a b l e  V . l .  Hence due t o  th e  v e r y  s m a l l  chang es  i n v o l v e d  and 
a l s o  th e  method ( m e a s u r in g  o f  t r a c e  w i d t h ) ,  employed t o  
e s t i m a t e  them, i t  i s  r e a d i l y  a p p a r e n t  t h a t  t h e  q u a n t i t a t i v e
1 1 4 .
v a l u e s  d e t e r m i n e d  f o r  dlCb a r e  l i a b l e  t o  v e r y  c o n s i d e r a b l e  e r r o r *  
E*or example^ a l t h o u g h . !  t  i s  p r o b a b l e  t h a t  th e  maximum p o s s i b l e  
e r r o r  i n  th e  m easu rem en t  of  t h e  c o n d u c t i v i t y  of one of th e  
s o l u t i o n s  i s  o f  th e  o r d e r  of  0 . 1 t h i s  g i v e s  r i s e  t o  a p o s s i b l e  
e r r o r  of  40^  i n  a  d i f f e r e n c e  q u a n t i t y  o f  th e  ty p e  of  dKfo.
A n o t h e r  e r r o r  i s  due t o  th e  b a s i c  a s s u m p t i o n  t h a t  benzene  has 
no e f f e c t  on t h e  c o n d u c t i v i t y  of t h e  p u re  s o l v e n t ,  w h e reas  th e  
t r a c e  f o r  s o l u t i o n  7 shows t h a t  t h e r e  i s  a s m a l l  b u t  f i n i t e  
i n c r e a s e '  i n  c o n d u c t i v i t y  when benzene i s  added  t o  a c e t o n e .
The v a l i d i t y  of th e  a s s u m p t i o n  t h a t  th e  changes  i n  
c o n d u c t i v i t y  l i s t e d  i n  t a b l e  V .2 . a r e  due t o  s p e c i f i c  s o l v e n t -  
i o n  i n t e r a c t i o n  r a t h e r  t h a n  t o  v a r i a t i o n s  i n  t h e  p h y s i c a l  
p r o p e r t i e s  of t h e  s o l u t i o n s ,  was t h e o r e t i c a l l y  c h e c k e d ,  A 
t h e o r e t i c a l  i n v e s t i g a t i o n  was made of  t h e  e f f e c t s  on th e  
c o n d u c t i v i t y  oof changes  i n  v i s c o s i t y  and d i e l e c t r i c  c o n s t a n t .
Two b a s i c  a s s u m p t io n s  were made, namely  t h a t  f o r  b i n a r y  
m i x t u r e s  of benzene  and a c e t o n e ,  b o t h  p r o p e r t i e s  v a r y  l i n e a r l y  
w i t h  s o l v e n t  c o m p o s i t i o n .  These a s s u m p t io n s  a r e  r e a s o n a b l e  i n  
v iew of  t h e  f a c t  t h a t  t h e  s o l u t i o n s  used  c o n t a i n e d  a v e r y  h i g h  
p r o p o r t i o n  of  one component  and hence  a n y  d e v i a t i o n  f rom  
l i n e a r i t y  would be v e r y  s m a l l .  I n  t h i s  way i t  was p o s s i b l e  t o  
e s t i m a t e  t h e  v i s c o s i t i e s  and d i e l e c t r i c  c o n s t a n t s  f o r  the  
b i n a r y  m i x t u r e s  used and. t o  s u b s t i t u t e  t h e s e  i n  t h e  O n s a g e r  
' e q u a t i o n  t o  d e t e r m i n e  th e  p r o b a b l e  e f f e c t  of  any  g i v e n  change
115.
i n  e i t h e r  p r o p e r t y ,  on t h e  e q u i v a l e n t  c o n d u c t i v i t y .  I t  was 
found t h a t  t h e  a d d i t i o n  o f O . 2 5  grams of  benzene  t o  a s o l u t i o n  
of  s i l v e r  p e r c h l o r a t e  i n  100 grams o f  a c e t o n e  and. o f  
c o n c e n t r a t i o n  e q u a l  t o  IO"4 gm. m o l s . / l i t r e ,  would r e d u c e  th e  
c o n d u c t i v i t y  by a p p r o x i m a t e l y  Q90$% of  i t s  o r i g i n a l  v a l u e .  As 
shown i n  t a b l e  7 , 2 . ,  t h e  changes  observed, w e re ,  on a v e r a g e ,  
c o n s i d e r a b l y  g r e a t e r  t h a n  t h i s .  Hence chan g es  i n  d i e l e c t r i c  
c o n s t a n t  and v i s c o s i t y  a l o n e ,  c a n n o t  a c c o u n t  f o r  t h e  chan ges  
i n  c o n d u c t i v i t y  o b s e r v e d .
There  i s  a c o n s i d e r a b l e  q u a n t i t y  o f  e x p e r i m e n t a l  e v i d e n c e  
t o  i n d i c a t e  t h a t  a r o m a t i c  sy s te m s  c a n  behave  a s  e l e c t r o n  d o n o r s  
i n  t h e  f o r m a t i o n  o f  ” e l e c t r o n  d o n o r  and a c c e p t o r "  t y p e  c o m p le x e s .  
P r o b a b l y  t h e  m o s t  r e c e n t  example  i s  t h e  work of  S lo u g h  and. 
Ubbelohde  ( 6 4 ) ,  w h ich  i n d i c a t e s  t h e  f o r m a t i o n  of a complex 
b e tw e e n  benzene  and b rom ine .  I t  had b e en  s u g g e s t e d  by W i n s t e i n  
and Lucas  ( 4 7 ) ,  p r i o r  t o  any  c o n d u c t i o m e t r i c  i n v e s t i g a t i o n ,  
t h a t  i n t e r a c t i o n  i n  s o l u t i o n  b e tw een  s i l v e r  i o n s  a n d /b e n z e n e  
m o l e c u l e s  i n v o l v e s  th e  »* bonds of t h e  l a t t e r  and i s  o f  t h e  
ty p e  shown on page 65 ,  S u b s t a n t i a l  s u p p o r t  f o r  t h i s  v iew  was 
s u p p l i e d  by t h e  s p e c t r o m e t r i c  s t u d i e s  of T a u fe n ,  M urray  and 
C l e v e la n d  (4 8 ) who s t u d i e d  th e  e f f e c t  o f  s i l v e r  i o n  
c o - o r d i n a t i o n  on th e  Raman f r e q u e n c i e s  - o f  benzene  and. came t o  
t h e  f o l l o w i n g  c o n c l u s i o n ,  1 The p o s t u l a t i o n  t h a t  t h e  s i l v e r  i o n  
i s  on t h e  s i x - f o l d  symmetry ElX i s  seems t o  be r e a s o n a b l e ,  f i r s t
116 .
I
b e c a u s e  a , s m a l l e r  f r e q u e n c y  s h i f t  t h a n  t h a t  obse rved  f o r  
o r d i n a r y  o l e f i n s  i n d i c a t e s  t h a t  th e  i n f l u e n c e  of t h e  
c o - o r d i n a t e d  i o n  i s  d i r e c t e d  to w ard s  more t h a n  one d o u b le  bond | 
s e c o n d 9 b e c a u se  th e  l o w e r i n g  by 13 wave numbers  of  t h e  t o t a l l y  
s y m m e t r i c a l  v i b r a t i o n  n o te d  i n  t h e  s p e c t r u m  o f  th e  complex 
seems t o o  s m a l l  t o  a c c o u n t  f o r  th e  a t t a c h m e n t  of  a p p r e c i a b l e  
mass anywhere  e l s e  t h a n  on th e  s i x - f o l d  symmetry a x i s . "
I t  f o l l o w s  f ro m  th e  abo ve  h y p o t h e s i s  t h a t  t h e  c o n c e n t r a t i o n  
of  t h e  i o n i c  complex s h o u l d  depend  i n  a  l i n e a r  way, on t h e  
c o n c e n t r a t i o n  of  b o th  s i l v e r  ions,  and benzene* P o r  t h e  p u r p o s e  
o f  t h i s  i n v e s t i g a t i o n  t h i s  means t h a t  t h e  d e c r e a s e  i n  
c o n d u c t i v i t y  due t o  t h e  a d d i t i o n  of  benzene  s h o u l d  be 
p r o p o r t i o n a l  t o  t h e  c o n c e n t r a t i o n  of  s i l v e r  i o n s  and , s i n c e  
t h e  vo lumes  of  t h e  s o l u t i o n s  used were  a lw a y s  th e  same t o  
w i t h i n  2 o r  3 $ ,  t o  t h e  mass of  benzene  a d d e d .  Hence dKV c  and
dX  s h o u ld  b o t h  be c o n s t a n t  f o r  a l l  t h e  s o l u t i o n s  u s e d .  
I n s p e c t i o n  of  t a b l e  V .2 . shows t h a t  a l t h o u g h  d'Kd/Q i s  c o n s t a n t  
t o  w i t h i n  a  f a c t o r  of  10, dKVMb c a n  i n  no way be c o n s i d e r e d  
c o n s t a n t  s i n c e  i t  shows a v a r i a t i o n  g r e a t e r  t h a n  JOOO f o l d .
Thus,  b e a r i n g  i n  mind th e  r e l a t i v e l y  l a r g e  e r r o r s  a l r e a d y  
d i s c u s s e d ,  i t  seems p r o b a b l e  t h a t  d£b/ C  i s  c o n s t a n t ,  a s  shown 
by t h e  p l o t  o f  l o g .d K b a g a i n s t  l o g .C  (G raph  V . l . )  and  t h i s  
m e r e l y  i n d i c a t e s  t h a t  t h e  r e d u c t i o n  i n  c o n d u c t i v i t y  i s  due t o  
r e d u c t i o n  i n  t h e  m o b i l i t y  of  th e  s i l v e r  i o n s .  The l a r g e
117.
V a r i a t i o n  i n  hov/ever,  i n d i c a t e s  -4feeH^  t h a t  t h e
c o n d u c t i o m e t r i c  e f f e c t  of  th e  benzene c a n n o t  b e ’ c o n t i n u o u s l y  
d e p e n d e n t  on th e  mass of  benzene  p r e s e n t  i n  t h e  s o l u t i o n .  I n  
s u p p o r t  of t h i s  i t  was o b se rv e d  t h a t  t h e r e  w a a .a  c o n c e n t r a t i o n  
of  b e n z e n e  below w h ich  no e f f e c t  was d e t e c t a b l e  b u t  above w hich  
th e  e f f e c t  was p r e s e n t  b u t  v i r t u a l l y  i n d e p e n d e n t  of  f u r t h e r  
i n c r e a s e  i n  th e  benzene  c o n c e n t r a t i o n .  M oreover  t h i s  " c r i t i c a l "  
c o n c e n t r a t i o n  was l a r g e  compared w i t h  th e  e l e c t r o l y t e  
c o n c e n t r a t i o n ,  b e in g  a p p r o x i m a t e l y  0.04  gm. m o l s . / l i t r e ,  and 
was i n d e p e n d e n t  o f  t h e  l a t t e r .  T h is  e v id e n c e  i s  c o m p l e t e l y  
i n c o m p a t i b l e  w i t h  t h e  h y p o t h e s i s  t h a t  one,  o r  any  i n t e g r a l  
number,  of  s i l v e r  i o n s ,  i s  a s s o c i a t e d  w i t h  one s p e c i f i c  benzene  
m o le c u l e  f o r  any  f i n i t e  p e r i o d  of t i m e .
The " t o l u e n e  t r a c e "  l e n d s  s u p p o r t  f o r  wha t  h a s ,  up t o  now, 
b e e n  t a c i t l y  a ssum ed ,  namely  t h a t  t h e  d e c r e a s e  i n  c o n d u c t i v i t y  
o b se rv e d  f o r  t h e  o t h e r  s o l u t i o n s  was due t o  t h e  a r o m a t i c  n a t u r e  
o f  th e  b e n z e n e .  T o lu e n e ,  when added, t o  s i l v e r  n i t r a t e  s o l u t i o n s  
c a u s e s  i n  c o n d u c t i v i t y  w h ich  i s  q u a n t i t a t i v e l y
s i m i l a r  t o  t h & t / o b s e r v e d  f o r  benzene  and s i l v e r  p e r c h l o r a t e .
Borne e x p l a n a t i o n  i s  n e c e s s a r y  f o r  t h e  a p p a r e n t l y  anom alous  
n a t u r e  of  s o l u t i o n  6 .  P o r  t h i s  v e r y  d i l u t e  s o l u t i o n ,  a d d i t i o n  
o f / b e n z e n e  c a u se d  a  d e c r e a s e  i n  band w i d t h  and a n  i n c r e a s e  i n  
c o n d u c t i v i t y .  The f o r m e r  e f f e c t  i s  p u r e l y  d u e . t o  e r r o n e o u s
\
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b a l a n c i n g  of  t h e  b r i d g e  i n i t i a l l y ,  w h e reas  t h e  l a t t e r  i s  
c o n s i s t e n t  w i t h  t h e  i n c r e a s e  i n  c o n d u c t i v i t y  o b s e rv e d  f o r  a  
l a r g e  ( 0 . J 0  g m s . )  a d d i t i o n  of p y r i d i n e  t o  th e  same s o l u t i o n  
w h ich  i n  t u r n  i s  c o n s i s t e n t  w i t h  th e  i n c r e a s e  i n  c o n d u c t i v i t y  
o b se rv e d  f o r  t h e  a d d i t i o n  of benzene  t o  p u re  a c e t o n e ,  ( s o l u t i o n
7 ) .
( i v )  C o n c l u s i o n s ! -
The v a l u e  of t h e  i n f o r m a t i o n  o b t a i n e d  
f r o m  t h i s  i n v e s t i g a t i o n  i s  s e v e r e l y  l i m i t e d  by t h e  i n a c c u r a c i e s  
a l r e a d y  d i s c u s s e d .  P r o b a b l y  th e  o n ly  p o i n t  c o n c l u s i v e l y  p ro v ed  
i s  t h a t  some fo rm  of  s p e c i f i c  s o l v e n t - i o n  i n t e r a c t i o n  does  
o c c u r  be tw een  s i l v e r  i o n s  and a r o m a t i c  m o l e c u l e s .  The r e s u l t s  
a l s o  i n d i c a t e  however  t h a t  t h i s  i s  n o t  o f  t h e  ty p e  occu  ** 
f o r  o r g a n i c  b a s e s  and t h a t  no one' s i l v e r  i o n  i s  a s s o c i a t e d  w i t h  
a n y  one a r o m a t i c  m o le c u le  f o r  a  f i n i t e  p e r i o d  of t im e .  UTo 
s a t i s f a c t o r y  e x p l a n a t i o n  has b e e n  found  f o r  t h e  wc r i t i c a l  
c o n c e n t r a t i o n ” of benzene  below w hich  no c o n d u c t i o m e t r i c  e f f e c t  
was o b s e r v e d .  I t  i s  p o s s i b l e  t h a t  t h i s  may be due t o ,  a n d / o r  
d e p e n d e n t  upon,  t h e  n a t u r e  o f  t h e  m a j o r  s o l v e n t  component  o r  
t h e  a n i o n s  p r e s e n t  i n  s o l u t i o n .  A l t e r n a t i v e l y  a d s o r p t i o n  of  
benzene  upon th e  e l e c t r o d e s  and w a l l s  o f  th e  c e l l  .may o c c u r  
th o u g h  t h i s  c a n  h a r d l y  a c c o u n t  f o r  a l l  t h e  l a r g e  i n e f f e c t u a l  
mass o f  b e n z e n e ,  ( 0 , l 6 -  0,17  g m s . ) .  I n  1950 , Mecke ( 6 5 )  p u t
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fow&rd th e  t h e o r y  t h a t  m e t h y l  a l c o h o l ,  due t o  i t s  t e n d e n c y  f o r
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h y d ro g e n  b o n d in g ,  has  a  d e f i n i t e  c r y s t a l l i n e  s t r u c t u r e  i n  
s o l u t i o n .  L a t e r  th e  i n v e s t i g a t i o n s  of  V o i g h t l a e n d e r - T e t z n e r  
(66)  e x te n d e d  t h i s  t o  e t h y l  a l c o h o l .  Hence i t  may be 
p o s a i b l e  t h a t  benzene  a l s o  t e n d s  t o  t a k e  up some form  o f  
c r y s t a l l i n e  s t r u c t u r e  when added, t o  a c e t o n e  and t h a t  t h i s  
s t r u c t u r e  has  t o  be s e t  up b e f o r e  a n y  e f f e c t  on t h e  s i l v e r  i o n s  
p r e s e n t  becomes a p p a r e n t .  N e v e r t h e l e s s  i t  i s  d i f f i c u l t  t o  s e e  
why th e  b en zen e  m o le c u l e s  c o m p r i s in g  t h i s  h y p o t h e t i c a l  s t r u c t u r e  j
have no e f f e c t  on th e  s i l v e r  i o n s ,  u n l e s s  due t o  m u tu a l  !
r e p u l s i o n  of the-Tf  bonds t h e y  t en d  t o  fo rm  a p l a n a r  s t r u c t u r e  
th o u g h  h e re  a g a i n  t h e  p l a n e s  formed would have t o  be p a r a l l e l  ' I
t o  t h e ' p o t e n t i a l  g r a d i e n t  i n  o r d e r  t o  be, of  no h i n d e r e n c e  t o  
th e  p a s s a g e  of s i l v e r  i o n s .
A p o s s i b l e  e x p l a n a t i o n  of th e  p r o c e s s  o c c u r i n g  i n  s o l u t i o n  
may be t h a t  s i l v e r  i o n s ,  moving u n d e r  a n  a p p l i e d  p o t e n t i a l ,  tend, 
t o  d r a g  benzene  m o le c u l e s  w i t h  them due t o  t h e  a f f i n i t y  b e tw e e n  
th e  e l e c t r o p h i l i c  i o n s  and th e  7T bonds of t h e  a r o m a t i c  m o l e c u l e s .  
I t  would a p p e a r  t h a t  h e r e  a g a i n  t h e  e f f e c t  s h o u ld  e x h i b i t  some 
form o f  d e p en d e n ce  on t h e  benzene  c o n c e n t r a t i o n  b u t  i n  t h i s  c a s e  
i t  need n o t  be o f  a  l i n e a r  n a t u r e .  T h is  e x p l a n a t i o n ,  a l t h o u g h  
b a s i c a l l y  d i f f e r e n t  f rom  t h e  t h e o r y  of  t h e  f o r m a t i o n  of a 
s t o i c h i o m e t r i c  complex a s  p ro pounded  by T a u fe n ,  M urray  and 
C l e v e l a n d ,  need  n o t  be t o t a l l y  i n c o m p a t i b l e  w i t h  t h e  s p e c t r a l
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changes  t h e y  o b s e r v e d .  As t h e y  s t a t e d ,  th e  s m a l l  d e c r e a s e  i n  
Raman f r e q u e n c i e s  i n d i c a t e s  a n  i n t e r a c t i o n  i n v o l v i n g  a l l  t h e  
c a r b o n  - t o  -  c a r b o n  bonds of  t h e  a r o m a t i c  m o l e c u l e .  T h is  may 
however be due t o  a  d i s t o r t i o n  p ro d u c e d  by a n  i n t e r a c t i o n  of  
t h e  s o l u t e  -  s o l v e n t  ty p e  a l r e a d y  m e n t i o n e d .
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THE CONDUCTIVITY ON SILVER PERCHLORATE IN
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CYCLOHUXANQNE AND ISO-BUTYL ALCOHOL.
( i ) H i s t o r i c a l ! -
The i n v e s t i g a t i o n s  w h ich  have so  f a r  
been  r e p o r t e d  have a l l  been  d i r e c t e d  a t  s t u d i n g  th e  
p r e f e r e n t i a l  s o l v a t i o n  of  s i l v e r  i o n s  i n  no3k-aq.ueo.ua s o l v e n t s  
and s o l v e n t  m i x t u r e s ^  th e  n a t u r e  o f  th e  complex  i o n s  so  f o rm a l  
and  th e  e f f e c t s  of  t h e  s o l v a t i o n  on th e  d i s s o c i a t i o n  o f  t h e  
s a l t  and th e  c a t i o n  m o b i l i t y .  I n  a l l  c a s e s  where  s o l v a t i o n  
has  occu^ed t o  any  r e a s o n a b l e  e x t e n t  th e  e f f e c t  has  b e e n  t o  
i n c r e a s e  the .  d i s s o c i a t i o n .  T h is  has  b e en  e x p l a i n e d  a s  b e in g  
due t o  t h r e e  f u n d a m e n ta l  c a u s e s i ( a )  i n c r e a s e  i n  i o n  s i z e  
f a v o u r s  t h e  d i s s o c i a t i o n  p r o c e s s ,  (b )  complex i o n  f o r m a t i o n  
e f f e c t i v e l y  removes  one s p e c i e s  f rom  th e  d i s s o c i a t i o n  e q u a t i o n ,  
and ( c )  p r e f e r e n t i a l  s o l v a t i o n  of  s i l v e r  i o n s  by one component  
of a  b i n a r y  m i x t u r e  may c a u se  t h e  d i e l e c t r i c  c o n s t a n t  i n  t h e  
v i c i n i t y  o f  t h e  s o l v a t e d '  i o n s  t o  d i f f e r  f rom  t h e  b u l k  v a l u e .  
E f f e c t s  ( a )  and (b )  a r e  i n s e p a r a b l e  b u t  by c h o o s in g  s o l v e n t s
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of  c l o s e l y  s i m i l a r  d i e l e c t r i c  c o n s t a n t s  e f f e c t  ( c )  c o u ld  
p o s s i b l y  be removed and hence  some i d e a  of i t s  r e l a t i v e  
im p o r t a n c e  o b t a i n e d .
I n  1955 G r i f f i t h s  and Law rence  ( u n p u b l i s h e d ) ,  s t u d i e d  t h e
c o n d u c t i o m e t r i c  beha-viour  o f  s i l v e r  n i t r a t e  i n  p u re  and b i n a r y
\
m i x t u r e s  o f  e t h a n o l  Sind b e n z o n i t r i l e  w h ich  have d i e l e c t r i c  
c o n s t a n t s  o f  24 and  25 r e s p e c t i v e l y ,  and compared t h e i r  r e s u l t s  
w i t h  t h o s e  o f  F r a n k l i n  and ICraus (67)  f o r  t h e  same s a l t  i n  
l i q u i d  ammonia ( c ons t a n t  = 22 ) a t  -33  G. They 
coneLuded t h a t  i n  p u r e  ammonia and b e n z o n i t r i l e  s o l u t i o n s  
s i l v e r  i o n s  a r e  h e a v i l y  s o l v a t e d  p a r t i c u l a r l y  i n  t h e  c a se  o f  th e  
f i r s t  m e n t io n e d  s o l v e n t ,  and  t h a t  e t h a n o l  s o l v a t e s  b o t h  t h e  
c a t i o n s  and a n i o n s  p r e s e n t  i n  the. s o l u t i o n .  M o re o v e r  i t  would 
a p p e a r  f rom  t h e i r  r e s u l t s  t h a t  th e  e f f e c t  of  th e  v a r i a t i o n  of 
t h e  d i e l e c t r i c  c o n s t a n t  i n  t h e  im m e d ia te  v i c i n i t y  o f  a n  i o n  
w h ich  i s  p r e f e r e n t i a l l y  s o l v a t e d  i n  a  b i n a r y  m i x t u r e  i s  
i n s i g n i f i c a n t  compared w i t h  t h e  e f f e c t s  ( a )  and ( b )  m en t io n ed  
a b o v e .  I t  was c o n s i d e r e d  t h a t  a  s t u d y  o f  th e  c o n d u c t i v i t y  of  
s i l v e r  p e r c h l o r a t e  i n  a  s e r i e s  of  s o l v e n t s  h a v in g  s i m i l a r  
d i e l e c t r i c  c o n s t a n t s  b u t  w h ich  would n o t  be e x p e c t e d  t o  s o l v a t e  
one i o n i c  s p e c i e s  i n  p r e f e r e n c e  t o  a n o t h e r ,  would be of  v a l u e .  
8 i n c e  th e  c o n d u c t i v i t y  of  t h i s  s a l t  i n  a c e t o n e  has  a l r e a d y  b e e n  
i n v e s t i g a t e d ,  s o l v e n t s  w i t h  s i m i l a r  d i e l e c t r i c  c o n s t a n t s  were 
s o u g h t .  C yc lo h ex ano n e  and i s o - b u t y l  a l c o h o l  were f i n a l l y  c h o s e n .
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B a r b e r  and. A l i  ( 6 8 )  o b se rv e d  t h a t  t h e  s o l u b i l i t y  o f  s i l v e r  
s a l t s  i n  e y e lo h e x a n o n e  i s  g r e a t l y  en hanced  by th e  p r e s e n c e  of 
ammonia w h ich  i s  u n d o u b t e d l y  due t o  complex i o n  f o r m a t i o n  
a s  i n d i c a t e d  by th e  work of  A h r l a n d , C h a t t ,  D a v ie s  and W i l l i a m s  
( 3 9 ' ,  Hence i t  a p p e a r s  p r o b a b l e  t h a t  s i l v e r  i o n s  a r e  n o t  
s o l v a t e d  i n  p u re  c y c lo h e x a n o n e  s o l u t i o n s  w h ich  was a  d e s i r e a b l e  
p r o p e r t y  f rom  th e  p o i n t  of  v iew  o f  t h i s  i n v e s t i g a t i o n .  T h is  
s o l v e n t  was u sed  by Walden and B i r r  (69 )  i n  t h e i r  s t u d y  of th e  
c o n d u c t i v i t i e s  of  some q u a t e r n a r y  ammonium s a l t s  i n c l u d i n g  
p e r c h l o r a t e s .
I n  1937 Ifobeko and c o -w o r k e r s  (7 0 )  o b s e rv e d  t h a t  a l c o h o l s  
g e n e r a l l y ,  i n c l u d i n g  i s o - b u t y l  a l c o h o l ,  were s u i t a b l e  s o l v e n t s  
f o r  e l e c t r o c h e m i c a l  m ea su rem en ts  and t h a t  t h e i r  s o l u t i o n s  w i t h  
h y d ro g e n  c h l o r i d e  conformed t o  W a ld en ’ s r u l e  o ve r  a wide  r a n g e  
of  t e m p e r a t u r e s ,  t h e  o b se rv ed  c o n d u c t i v i t y  ch an g e s  b e in g  due 
s o l e l y  t o  chan g es  i n  th e  i o n i c  m o b i l i t i e s .  E a r l i e r  G o ld s c h m id t  
(71)  had s t u d i e d  th e  c o n d u c t i v i t i e s  of  a v a r i e t y  of  s a l t s  and 
a c i d s  i n  p u r e  i s o - b u t y l  a l c o h o l  and. i n  b i n a r y  m i x t u r e s  o f  t h i s  
s o l v e n t  w i t h  w a t e r .  I t  was found t h a t  a s  t h e  w a t e r  c o n t e n t  of 
t h e  s o l v e n t  m i x t u r e s  i n c r e a s e s  t h e  c o n d u c t i v i t y  of p i c r i c  a c i d  
i n c r e a s e s  s t e a d i l y  w h e rea s  i n  t h e  c a s e  of  h y d r o g e n  c h l o r i d e  a n  
i n i t i a l  d e c r e a s e  i n  c o n d u c t i v i t y  was s u b s e q u e n t l y  f o l l o w e d  by a 
c o n t i n u o u s  i n c r e a s e .  I n  t h e  l i g h t  o f  t h e s e  c u r r e n t  
i n v e s t i g a t i o n s  i t  would be m ost  t e m p t in g  t o  assume t h a t  i n  t h e
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c a s e  of  h y d ro g e n  c h l o r i d e  t h e  f o r m a t i o n  of  hydroxon ium  i o n s ,  
w h ich  may be c o n s i d e r e d  a s  a fo rm  of  s o l v a t i o n ,  i s  r e s p o n s i b l e  
f o r  t h e  i n i t i a l  d e c r e a s e  i n  c o n d u c t i v i t y ,  b u t  t h i s  would be a t  
v a r i a n c e  w i t h  th e  c o n c e p t  of C-ro t thus  c h a i n  m ech an ism s ,
( i i )  E x p e r i m e n t a l  8-
The f i g u r e s  f o r  t h e  c o n d u c t i v i t y  o f  
s i l v e r  p e r c h l o r a t e  i n  p u r e  and b i n a r y  m i x t u r e s  o f  a c e t o n e ,  
c y c lo h e x a n o n e  and i s o - b u t y l  a l c o h o l  a r e .  g i v e n  i n  t a b l e s  V I , 1 t o  
V I , 9 and. i n  g r a p h s  V I .  1 t o  V1 . 6 ,
V a lu e s  of / \ Q» K, r + and  ’’a 5’ were  d e t e r m i n e d  a s  d e s c r i b e d  
i n f e c t i o n  11, and a r e  g i v e n  below f o r  th e  s i l v e r  p e r c h l o r a t e  
s o l u t i o n s  i n v e s t i g a t e d ,
A p i c t u r e  of  t h e  v a r i a t i o n  of  v i s c o s i t y  was o b t a i n e d  
u s i n g  a n  Oswald v i s c o m e t e r  and i n v e s t i g a t i n g  t h e  v i s c o s i t y  of 
f o u r  b i n a r y  m i x t u r e s  f o r  e a c h  p a i r  of s o l v e n t  com ponen ts .  The 
r e s u l t s  of  t h i s  i n v e s t i g a t i o n  a r e  shown i n  g r a p h  V1 . 7 ,
S o l v e n t *)x XO2 3K  x  1 0 Ao r + a A ?
P u r e  A o u* 0.31 0.54 181 .5 2 . 8 6 2.75 0 .5 6
P u r e  Cyn * 2 . 2 0 . 8 8 27.47 2 . 5 8 2.99 0 . 6 0
P u r e  i B 1* 4.3 1.47 12.24 3.42 3.42 0.53
22$  Act * -78%Cyn " 1 .09 1.46 53.19 3.03 3.19 O.58
40% iB 1 * -60$Cy11. 2 . 5 5 0.95 d l 92d 3.22 3 .05 0.54
55$  Aot *_45^ i B 1> 0 . 6 8 2 . 1 8 81.4 3.48 3 . 2 0 O.55
t  nAc * = A c e to n e ,  Cy # = C y c lo h e x a n o n e ,  i B 1 ^  i s o - B u t y l  A l e ,
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FO
R 
C
Y
C
LO
H
EX
A
N
O
N
E 
Co
)
2 8
1 20
11-5
I 1-0
2 4
GRAPH VI I.
A 
FOR 
ISO
-BUTYL 
ALCO
H
O
L 
(°>
TABLE VI .1 .
The C o n d u c t iv i ty  of S i l v e r  P e r c h lo r a t e  in  
Pure i s o - B u t y l  A lcohol*
4C x  10 Jo x 10^ A .
O.5966 0 .7724 n . 7 1
O.7788 0.8824 11.66
0 .9614 0 .9805 u . 5 2
1.1373 1.0663 1 1 .4 0
1 .371 2 1 .1698 11.27
1 .5644 1 .2511 11.16
1 .7881 1 . 3370 11 .03
1 . 98 88 1 .4099 10.92
2*3167 1 . 5221 IO.75
■ »  r  1 > . . I n n  .■ ■ ■!! 1 .■».
TABLE V I . 2 .
The C o n d u c t i v i t y  o f  S i l v e r  P e r c h l o r a t e  i n
P u r e  C y c lo h e x an o n e .
C x  10^ Jo x  102 A
0.3448 O.5872 2 6 .5 1
0.5426 O.7366 26 .3 4
0.?505 O.8663 2 5 .9 6
0.9428 0 .9710 2 5 .5 8
1.1331 1.0641 2 5 . 2 1
1.3448 1.1599 2 4 .8 1
1.5354 1.2390 24.44
1.722-6 1 .3 11 8 24.11
1.9107 1 .3 8 2 0 23.83
2 .0 9 3 8 1.4472 23.54
2 . 2 8 l 6 1 .5 1 1 1 23.24
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TABm  VI-3*
The C o n d u c t i v i t y  o f  S i l v e r  P e r c h l o r a t e ,  i n  
61 . 14#  A ce to ne  -  38*86# C y c lo h e x a n o n e . 
( M ix tu r e  1 . )
----------------------------------- --  —
C x  104
r — - ~ ----------- -—
N/c  x  102 >
[ i
O.3636 O.603S 102.04
0*5664 O.7526 1 0 1 .8 8
0 . 99^9 0.9964 IOO.67
1.1975 1.0940 99-95
1.4104 1 .1 8 7 1 98.96
1.6032 I . 2 6 5 8 9 8 .6 6
1 .7 9 86 1.3412 9 8 .0 9
1.9987 1.4139 97.58
2.4072 1 .5 5 1 0 96.42
________ _____________ _________________________ ____ „ , . J .
The C o n d u c t i v i t y  of S i l v e r  P e r c h l o r a t e  i n  
22 . 08# A ce to ne  -  7 7 *92#  C y c lo h e x a n o n e ,
(M ix tu re  11*)
C x  104 J5  x  104 A
0.3990 O.633.7 51 .8 3
0.5358 0.7319 5 1 .7 4
0 .6726 0.8202 5 1 .5 6
0 .8 5 1 8 0.9229 5 1 .0 8
0 .9839 O.9917 5 0 .7 4
1 .16 2 7 1 .0782 5 0 .2 8
1 .4709 1.2120 4 9 .4 9
1 .7 5 5 0 1.3249 4 8 ,8 3
2 .0 3 2 6 1.4260 4 8 .1 9
\ \
\ \
\
G R A P H  VI-3.
TABE® V1 .5 *
The C o n d u c t i v i t y  of S i l v e r  P e r c h l o r a t e  i n
40 . 13$  i s o - B u t y l  A l c o h o l  -  59 *87$  C y c lo h e x a n o n e .
(M ix tu re  111 . )
4C x  10 J g x  10a A
0 .3 5 0 8 0.5923 2 0 .6 2
0.5403 0.7351 2 0 .3 9
0.6990 O .836I 2 0 .1 8
0,8622. 0 .9 2 8 5 1 9 .9 0
1.0401 I .O I 9 8 1 9 .5 9
1.2000 I .O 954 1 9 .3 5
1 .3766 1.1733 1 9 .0 8
1.5324 1.2379 1 8 .8 6
1.6952 1 .3019 1 8 .6 4
................. yfll........... ...................... i h w T f r — . . ........ .. .........................  . . .  .
TAELS V I . 6 ,
The C o n d u c t i v i t y  of  S i l v e r  P e r c h l o r a t e  i n
5 4 . 87$  A ce to n e  -  4 5 . 13$  i s o - B u t y l  A l c o h o l .  
( M ix tu re  1Y . )
C x  104 J g . x  102 A
0 .7 1 16 O.8436 7 8 .4 8
1 .01 1 0 1 .00 5 5 7 7 . 7 7
1 .3 8 1 5 1 .1753 7 6 .9 4
1 .7246 1 .3132 7 6 .1 3
2 .0 2 9 0 1 .42 4 4 7 5 .2 8
2 .2117 1 .4872 7 4 .7 0
2 .4 8 0 9 1 .5 7 5 1 7 4 .0 1
2.8552 I . 6 8 9 7 7 3 .2 4
3 .35 9 4 I . 8 3 2 9 7 2 .1 3
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TABLE Y J-.7 .
The S h e d l o v s k y  E x t r a p o l a t i o n  F u n c t i o n s  f o r  S i l v e r  
P e r c h l o r a t e  i n  Pure  C y c loh exan on e  and
0 x  104 a U )
I ^( 2) 2 I 102 A Cf+2S ( z )
x  l o 37 \ o1....*.......... - ...... L '
Pure  Cycl  ohexanone *
0 .5 4 2 6 1 .0 2 5 7 0 . 9 8 9 7 0 . 8 5 8 0 3 . 7 0 1 1 .2 5 7 8
O.7505 1 . 0 3 0 1 0 . 9 7 9 3 0 .8 3 6 0 3 . 7 4 0 1 .6 7 7 5
0 .9 4 2 8 1 . 0 3 3 6 0 .9 6 8 6 0 . 8 1 9 1 3 . 7 8 2 2 .0 4 2 0
1 .1 3 3 1 1 .0 3 6 7 0 .9 5 7 3 0 .8 0 4 5 3 . 8 2 7 2 .3 8 2 2
1 .3 4 4 8 1 .0 3 9 7 0 . 9 4 4 7 0 . 7 9 0 3 3 .8 7 7 2 .7 4 0 9  ,
! 1 . 7 2 2 6 1 .0 4 4 3 0 . 9 2 2 3 0 . 7 6 8 5 3 . 9 7 2 3 .3 3 3 3
2 . 0 9 3 8 1 .0 4 8 4 0 . 9 0 4 2 0 . 7 5 0 2 4 . 0 5 1 3 .8 7 7 2
2 . 2 8 1 6 1 . 0 5 0 4 0 .8 9 4 3 0 . 7 4 2 1 4 . 0 9 6  .; 4 .1 5 5 0
Pure i s o - B u t y l  A l c o h o l •
0 .7 7 8 8 1 .0 3 6 4 0 .9 7 4 6 0 . 8 3 4 9 8 . 2 7 5 0 .7 8 5 8
0 . 9 6 1 4 1 .0 4  02 0 . 9 6 6 4 0 . 8 1 9 0  ; 8 . 3 4 5 0 .9 4 3 5
1 .137 3 1 .0 4 3 5 0 . 9 5 9 3 0 . 8 0 5 5 8 . 4 0 6 I .O 898
1 .3 7 1 2 1 ,0 4 7 6 0 . 9 5 2 1 0 . 7 8 9 1 8 . 4 7 0 1 .2 7 7 5
1 . 5 6 4 4 I . 0 5 0 8 0 .9 4 5 7 0 .7 7 7 0 8 . 5 2 7 1 .4 2 5 5
1 . 7 8 8 1 1 .0 5 4 0 0 .9 3 7 6 0 . 7 6 4 6 8 . 6 0 1 1 .5 8 9 4
1 . 9 8 8 8 I . 0 5 6 7 0 .9 3 0 6 0 .7 5 4 4  . 8 . 6 6 6 1 .7 3 1 3
2 . 3 1 6 7
. , *1,1 ....
I .O609 0 .9 1 9 7 0 . 7 3 9 1 8 . 7 6 8 1 .9 5 2 8
o
_• 0-99 -
L l Icr
3
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TAELS V I . 8 ,
The S h e d lo v s k y  E x t r a p o l a t i o n  F u n c t i o n s  f o r  S i l v e r
P e r c h l o r a t e  i n  M i x t u r e s  1 . and 11 ,
C x  104 s ( z )
A s ( z )
A
...„..... %
f  i 2
:
102
A S ( Z )
/ W s ( z )
x  102
•; M ix tu r e  1 .
5 0 .5664 1 .0 1 9 4 1 .0132 0 .8734 0 .9629 5.1318
|-
0 .9 9 29 1 .0 2 56 1.C072 0 .8364 0 .9 6 85 8 .5 7 4 6
1 .1975 1 .0 2 8 0 1.0024 0 .8 2 2 2 0 .9732 10 .1 16
1 .6 0 3 2 1 .0323  : O.9936 0 .7982 0 .9 81 9 13.033
1 .79 6 0 1 .0342 O.9897 0 .7 8 8 1 0 .9 8 5 8 14.364
1 .9987 1 .0359 O.9862 0 .7 7 8 1 0 .9893 1 5 .7 2 0
2 .4 0 7 2 1 .0393 0.9777 0 .7603 0 .99 7 9 18.340
M i x t u r e  11 ,
0 .53 5 8 1 .0 2 1 0 1 .0062 0 .8652 1 .8 9 3 0 2.4488
0 .67 2 6 1 .0235 1 .0052 0 .8502 1 .8949 3.0177
0 .8 5 1 8 1 .0263 0.9985 0 .83 3 5 1 .90 7 6 3.7221
0 .98 3 9 1 .0283 0.9938 0 .82 3 1 1 .91 6 6 4.2255
1 .1 6 2 7 1 .0307  . O .9 87 I 0 .80 9 3 1 .9 2 9 6 4 . 8 7 6 5
1 .4 7 0 9 1 .0343 0.9750 0.7894. 1 .9 5 3 6 5.9435  :
1 .7 5 5 0 1 .0 3 72 0.9647 0 .7 7 3 6 ; 1.9745 6 .8 7 6 1
2 .0 3 2 6 1 .0399 0.9545 0 .7 5 97 1.9955 7.7362
/<
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N = 3 FOR MIXTURE III AND 2 FOR 
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M
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TABLE V I . 9 .
The S h ed lov sk y  E x t r a p o l a t i o n  F u n ct io n s  f o r  S i l v e r  
P e r c h lo r a t e  i n  M ixtures  111 , and IV.
C x  104
S U )
\ ,JT ..1 ■' 1
/ \ S U )  •
. .......... ....... .  "."t
f +2 102
----- ------------- j
A c f + 2s (2 )
x  102_ ...A ° ..... / \ ® ( z )Vii M ix tu re i n .
0 .3 5 0 8 1.0244 1 .0011 0.8840 4.734 O.6550
0 .5404 1 .0302 0 .9 9 5 5 O.8585 4.761 0.9743
0 .69 9 0 1.0342 0 .9 8 9 1 0.8412 4.792 1 .2 2 7 1
0 .86 2 2 1 .03 7 8 0 .9 7 8 8 0.8260 4,842 1.4708
1,0401 1.0412 0 .9 6 67 0 .8117 4.903 1 .7 2 2 0
1.2000 1.0440 0 .9 6 2 0 O.7998 4.950 1.9389
1 .3766 1.0470 0 .9 4 68 O.7886 5 .0 0 6 2.1757
1.5324 1.0493 0 .9379 0.7793 5.053 2.3633
M ix tu re IV.
0 .7 1 1 6 1.0319 1 .0073 O.8576 1.235 4.9421
1.0110 1.0379 1 .0039 O .8 3 3 I 1.239 6 .7 9 8 5
1.3815 1.0442 0 .9993 0 .8077 1.245 8 .9 6 47
1.7246 1.0492 0 .9 9 3 5 0.7884 1.252 10.847
2 .0 2 9 0 1.0531 0 .9 8 6 0 0.7739 1 .2 6 1 1 2 .3 6 7
2 .2 1 1 7 1.0555 0 .9807 0 .7654 1 .2 6 8 13.347
2.4809 1.0584 0 .9743 0.7543 1.277 14.659
T i r o
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KEY TO GMPH V I . 7
b'A.  i s o - B u t y l  A l c o h o l .
0 and
B. • • • .C y c lo h e x a n o n e •
jpU. . . .  i s o - B u t y l  A l c o h o l .
|  arLd  ----------    . < . . .
IB. . . .  .A c e t o n e .
|A. o . . .  C y c lo h e x a n o n e «
Q and
IB*. • .  . A c e t o n e •
1 4 3 .
( i i i )  D i s c u s s i o n s -
C o n s i d e r a b l e  d i f f i c u l t y  has b e e n
e n c o u n t e r e d '  i n  t h e  i n t e r p r e t a t i o n  of th e  r e s u l t s  shown a b o v e .
d i s c r e p a n c i e s  i n  th e  
The p r i n c i p a l  r e a s o n  f o r  t h i s  i s  p r o b a b l y  t h a t  t h e ^ v a l u e s  of
K  r  and wa H f o r  th e  s o l u t i o n s  s t u d i e d ,  w h ich  i n  the  p a s t  have 
+
b e e n  a c c e p t e d  a s  c r i t e r i a  o f  complex i o n  f o r m a t i o n ,  a r e  i n  t h i s
h
c a se  f r e q u e n t l y  v e r y  s m a l l  and i t  i s  open t o  d o u b t  p o t h e r  t h e s e  
s m a l l  d i f f e r e n c e s  c a n  j u s t i f i a b l y  be t r e a t e d  i n  t h e  same way.
The r e s u l t s  i n d i c a t e  t h a t  a . c o n s i d e r a b l e  d e g r e e  of  
s o l v a t i o n ,  p r o b a b l y  of  b o t h  i o n i c  s p e c i e s ,  e x i s t s  i n  s o l u t i o n s  
c o n t a i n i n g  i s o - b u t y l  a l c o h o l  and a l s o  t o  a  s m a l l e r  e x t e n t ,  
t h o s e  c o n t a i n i n g  c y c lo h e x a n o n e .  I t  i s  d i f f i c u l t  t o  s e e  however ,  
why th e  d i s s o c i a t i o n  i s  g r e a t e r  i n  t h e  a c e t o n e - a l c o h o l  m i x t u r e  
t h a n  i t  i s  i n  th e  p u re  a l c o h o l  t h o u g h  i t  i s  of  i n t e r e s t  t o  n o t e  
t h a t  th e  r+  and "a" v a l u e s  f o r  t h e s e  s o l u t i o n s  a r e  v e r y  s i m i l a r .  
A p o s s i b l e  e x p l a n a t i o n  may be t h a t  t h e  v a l u e s  o f  t h e  d i e l e c t r i c  
c o n s t a n t  f o r  t h e  s o l v e n t  m i x t u r e s  u s e d ,  w h ich  were found  by 
a ssu m in g  a l i n e a r  r e l a t i o n s h i p  w i t h  c o m p o s i t i o n ,  were i n  e r r o r  
a s  i s  i n d i c a t e d  by t h e  i n v e s t i g a t i o n s  of O s ip o v ,  P a n i n a  and 
L em p er t  ( 7 2 ) who found  t h a t  t h e  d i e l e c t r i c  i s o t h e r m s  f o r  
i s o - b u t y l  a l c o h o l  - a c e t o n e  m i x t u r e s  were m a r k e d ly  c u r v e d .
The Y/alden p r o d u c t  A " ?  was a l s o  c a l c u l a t e d  f o r  t h e  
s o l u t i o n s  s t u d i e d  and a l t h o u g h  t h e r e  i s  a  v e r y  l a r g e  v a r i a t i o n
i n  t h e  v i s c o s i t i e s  of th e  s o l v e n t s ,  a  r e m a r k a b le  c o n s t a n c y  was 
o b se rv e d  f o r  t h i s  p r o d u c t ,  th e  l o w e s t  v a l u e s  o c e u r i n g  f o r  
s o l u t i o n s  c o n t a i n i n g  i s o - b u t y l  a l c o h o l  w h ich  a g a i n  i n d i c a t e s  
t h a t  s o l v a t i o n  o c c u r s  i n  t h e s e  s o l u t i o n s .  I t  was a l s o  o bse rv ed  
t h a t  when t h e  Y/alden p r o d u c t s  were d i v i d e d  by t h e  c o r r e s p o n d i n g  
v a l u e s  of  th e  d i e l e c t r i c . c o n s t a n t  t h e r e  was a  marked improvemen 
i n  t h e  c o n s t a n c y .  E y s s e l b e r g h e  and  F r i n s t r o m  (3 3 )  a l s o  
o bse rved  t h a t  f o r  s o l u t i o n s  of  magnesium p e r c h l o r a t e  i n  w a t e r ,  
n i t r o m e t h a n e ,  m e th y l  a l c o h o l ,  a c e t o n e ,  n - p r o p y l  a l c o h o l  and 
i s o - p r o p y l  a l c o h o l ,  showed much b e t t e r  c o n s t a n c y  t h a n
Ao?- As b o t h  t h e  exam ples  of t h i s  improved  c o n s t a n c y  
i n v o l v e d  p e r c h l o r a t e s  i t  was d e c i d e d  t h a t  i t  s h o u l d  be t e s t e d  
by t a k i n g  th e  r e s u l t s  of  o t h e r  w o rk e r s  f o r  d i f f e r e n t  i o n s .
U l i c h  and B i r r  ( 7 3 ) have l i s t e d  t h e  i o n i c  m o b i l i t i e s  0 ) ° f  
p o t a s s i u m ,  sodium, i o d i d e  and t h i o c y a n a t e  i o n s  i n  w a t e r ,  
f u r f u r a l ,  p y r i d i n e ,  a c e t o n e ,  m e t h a n o l ,  e t h a n o l  and a c e t o n i t r i l e  
and w i t h  t h e  e x c l u s i o n  of t h e  f i r s t  t h r e e  s o l v e n t s ,  i n  w hich  
e x t e n s i v e  i o n  s o l v a t i o n  o c c u r s ,  i t  was fou n d  t h a t  the  c o n s t a n c y  
of t h e  Yi/a-lden p r o d u c t  was improved  when i t  was d i v i d e d  by th e  
a p p r o p r i a t e  d i e l e c t r i c  c o n s t a n t .
An i n v e s t i g a t i o n  o f  t h e  t h e o r y  l e a d i n g  t o  t h e  Walden
p r o d u c t  i n  a n  a t t e m p t  t o  d i s c o v e r  some f u n d a m e n ta l  r e a s o n
5. ■f o r  th e  i n c l u s i o n  of t h e  d i e l e c t r i c  c o n s t a n t  was u n s u c c e s s f u l .  
N e v e r t h e l e s s  i t  would a p p e a r  p r o b a b l e  t h a t  s u c h  a b a s i c  r e a s o n  
m us t  e x i s t .
1 4 5 .
( i v )  C o n c l u s i o n s ^ -
A s t u d y  of  th e  c o n d u c t i v i t y  of s i l v e r  
p e r c h l o r a t e  i n  a s e r i e s  o f  s o l v e n t s  and s o l v e n t  m i x t u r e s  o f  
c l o s e l y  s i m i l a r  d i e l e c t r i c  c o n s t a n t  has shown t h a t  s o l v a t i o n  
o c c u r s  i n  a t  l e a s t  some of  t h e s e  s o l v e n t s .  The e f f e c t  o f  
s o l v a t i o n  on t h e  d i s s o c i a t i o n  c o n s t a n t  and  i o n i c  r a d i i  has  b e e n  
o b se rv e d  t o  be q u a l i t a t i v e l y  s i m i l a r  t o  t h e  e f f e c t  o f  o r g a n i c  
b a s e s  on th e  c o n d u c t i v i t y  of  t h e  same s a l t  i n  p u r e  a c e t o n e  
r e p o r t e d  i n  S e c t i o n  11 . M oreover  th e  q u a n t i t a t i v e  e f f e c t s  of 
s o l v a t i o n  on t h e s e  f u n c t i o n s  -wa-s a l s o  s i m i l a r  t o  t h e  e f f e c t s  of  
o r g a n i c  b a s e s ,  and s i n c e  f o r  t h e s e  c u r r e n t  i n v e s t i g a t i o n s  t h e r e  
was no p o s s i b l e  v a r i a t i o n  of t h e  d i e l e c t r i c  c o n s t a n t  i n  t h e  
im m edia te  v i c i n i t y  o f  a n  i o n  due t o  s o l v a t i o n ,  i t  a p p e a r s  t h a t  
t h i s  l a t t e r  e f f e c t  i s  of  l i t t l e  o r  no i m p o r t a n c e .  <Hence th e  
i n c r e a s e  i n  t h e  d i s s o c i a t i o n  c o n s t a n t  t h a t  may be o b s e r v e d  on 
th e  a d d i t i o n  of  a com plex ing  s o l v e n t  t o  a s o l u t i o n  of  a s a l t  
i n  a  s o l v e n t  i n  w h ich  i t  i s  n o t  h e a v i l y  s o lv a te d . ,  i s  caused  
p r i m a r i l y  by t h e  i n h i b i t i n g  e f f e c t  of  t h e  i n c r e a s e  i n  i o n  s i z e  
on th e  a s s o c i a t i o n  p r o c e s s  r a t h e r  t h a n  a n y  v a r i a t i o n  i n  t h e  
d i e l e c t r i c  c o n s t a n t  i n  t h e  v i c i n i t y  of  a n  i o n  w h ich  may be 
c a u s e d  by th e  p r e f e r e n t i a l  s o l v a t i o n  of  i o n s  by one component  
o f  t h e  s o l v e n t .  I n d e e d  i t  may be u n r e a s o n a b l e  t o  e x p e c t  a n y
s u c h  v a r i a t i o n  of t h e  d i e l e c t r i c  c o n s t a n t  t o  have a n  e f f e c t  on
(
t h e  d i s s o c i a t i o n  s i n c e  th e  m o s t  r e a s o n a b l e  p i c t u r e  of  a s o l v a t e d
i o n  i s  one in v o l v in g  th e  c o n c e p t  o f  s u c h  io n s  a s  s e p iu ra te  w h o le  
e n t i t i e s  b e yo n d  w h ic h  th e  d i e l e c t r i c  c o n s ta n t  has th e  h u lk  
v a lu e .  On t h i s  b a s is  th e  p ro c e s s  o f  s o l v a t i o n  w o u ld  be th e  
f o r m a t io n  o f  a  new i o n i c  s p e c ie s  and  t h i s ,  as  has a l r e a d y  b e e n  
m e n t io n e d ,  n e c e s s a r i l y  re m o ve s  one i o n i c  s p e c ie s  f r o m  th e  
d i s s o c i a t i o n  e q u a t io n  th u s  e n h a n c in g  th e  d i s s o c i a t i o n .
On c a l c u l a t i n g  th e  f u n c t i o n s  / \ 0 ^  and  / ^ 0^ / D  f o r  th e  
s o lu t io n s  s t u d ie d  i t  has b e e n  fo u n d  t h a t  th e  l a t t e r j a  g r e a t e r  
d e g re e  o f  c o n s ta n c y  as has a ls o  b e e n  o b s e rv e d  f o r  th e  r e s u l t s  
o f  o t h e r  w o rk e rs  f o r  a v a r i e t y  o f  io n s  i n  s o lv e n ts  w h ic h  d o  
n o t  e x t e n s iv e ly  s o lv a t e  th e m , jtfo t h e o r e t i c a l  e x p la n a t io n  has 
b e e n  fo u n d  f o r  t h i s  b u t  i t  i s  s u b m it t e d  t h a t  s u c h  a n  e x p la n a t io n  
must e x i s t .
GrENSRAL- C OMGLtTS I  OHS.
GBHBBAL OOMCLPSIONS.
   i "i' J'L'ni! ' ■■' tl
The p r e f e r e n t i a l  s o l v a t i o n  of s i l v e r  i o n s  by  one component 
of  a  b i n a r y  s o l v e n t  m i x t u r e  has a lw ay s  cau se d  a n  i n c r e a s e  i n  
d i s s o c i a t i o n  o v e r  t h a t  h o l d i n g  i n  t h e  o t h e r  p u re  component*
T h is  has  been  e x p l a i n e d  a s  due t o  t h r e e
(a )  a n  i n c r e a s e  i n  ’th e  d i s t a n c e  of  c l o s  
i o n - a s s o c i a t i o n ,  (b )  t h e  f o r m a t i o n  of  s t o i c h i o m e t r i c  complex 
i o n s  e f f e c t i v e l y  removes one i o n i c  s p e c i e s  f rom  th e  d i s s o c i a t i o n  
e q u a t i o n  and ( c )  p r e f e r e n t i a l  s o l v a t i o n  by one s o l v e n t  component 
means t h a t  s o l v a t e d  i o n s  a r e  s u r r o u n d e d  by s o l v e n t  m o le c u l e s  
w h ich  a r e  p r e d o m i n a n t l y  of . one ty p e  and hence  th e  d i e l e c t r i c
c o n s t a n t  i n  th e  im m ed ia te  v i c i n i t y  o f  t h e s e  i o n s  w i l l  d i f f e r
\
f rom  t h e  b u l k  va lu e *  T t  has  a l s o  b e e n  shown t h a t  t h e  i n c r e a s e  
i n  d i s s o c i a t i o n  i s  d e p e n d e n t  on t h e  e x t e n t  t o  w h ich  s o l v a t i o n
t a k e s  p l a c e  and t h a t  t h i s  may be of r e l a t i v e l y  g r e a t e r  '
\
i m p o r t a n c e  t h a n  th e  s i z e  o^ th e  c im p le x  i o n  s o  p roduced*
S t o i c h i o m e t r i c  complex i o n  fo r m a t io n  has bean dem onstrated
a s  o c c u ^ in g  b e tw e e n  s i l v e r  i o n s  and o r g a n i c  b a s e s ,  p o l y s t y r e n e ,  
d i c y c l o p e n t a d i e n e  and c y c l o p e n t a d i e n e ,  The complex i o n s  formed 
b e tw e e n  s i l v e r  i o n s  and c y c l o p e n t a d i e n e  m o l e c u l e s  a r e  p r o b a b l y  
of  t h e  " s a n d w ic h  m o le c u le "  ty p e  w h ich  a r e  formed by t h i s  compound 
w i t h  some t r a n s i t i o n  e le m en ts*  I t  a p p e a r s  p r o b a b l e  t h a t  f o r
f u n d a m e n ta l  c a u s e s \ 
„ t / o f  t h e  i o n s  i n h i b i t s
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s o l v e n t  m o le c u l e s  c o n t a i n i n g  r e g i o n s  of  h i g h  e l e c t r o n  d e n s i t y  
e x t e n s i v e  s o l v a t i o n  of s i l v e r  i o n s  o c c u r s  and t h a t  f o r  o r g a n i c  
b a s e s  and  compounds c o n t a i n i n g  o l e f i n i c  d o u b le  bonds th e  
s o l v a t i o n  t a k e s  th e  fo rm  of  s t o i c h i o m e t r i c  complex i o n  
f o r m a t i o n .  I n  th e  c a se  of  s o l v e n t  m o l e c u l e s  where t h e  h i g h  
e l e c t r o n  d e n s i t y  i s  o f  a  more d i f f u s e  n a t u r e  and th e  a f f i n i t y  
f o r  s i l v e r  i o n s  i s  c o r r e s p o n d i n g l y  w e a k e r ,  s u c h  a s  f o r  t h e  ? f  
bonds of a r o m a t i c  m o l e c u l e s ,  t h i s  i n v e s t i g a t i o n  has i n d i c a t e d  
i f  n o t  p r o v e d  t h a t  t h e  s o l v a t i o n  does  n o t  t a k e  t h i s  fo rm  b u t  
t h a t  s i l v e r  i o n s ,  moving t h r o u g h  a s o l u t i o n  u n d e r  th e  i n f l u e n c e  
of a  p o t e n t i a l  g r a d i e n t ,  t e n d  t o  d r a g  s o l v e n t  m o le c u l e s  w i t h  
them. Hence th e  e f f e c t  of  t h e s e  s o l v e n t s  on th e  m o b i l i t y  o f  
s i l v e r  i o n s  i s  v e r y  s m a l l  compared w i t h  th e  e f f e c t  of t h o s e  
s o l v e n t s  i n  w h ich  s t o i c h i o m e t r i c  complex i o n  f o r m a t i o n  o c c u r s .  
T h is  may be due t o  t h e  f a c t  t h a t  a new i o n i c  s p e c i e s  i s  n o t  
formed i n  t h e s e  s o l v e n t s  and hence  .the b a l a n c e  of  t h e  • 
d i s s o c i a t i o n  e q u a t i o n  i s  n o t  d i s t u r b e d  by t h e  rem o v a l  of one 
of  th e  p r o d u c t s .  I t  i s  p r o b a b l e  t h a t  t h e r e  i s  no p r e c i s e  
b o u n d a ry  b e tw e e n  th e  two form s of  s o l v a t i o n  w h ic h  have b een  
m e n t io n e d  and t h a t  s o l v e n t s  e x i s t  which  would a p p e a r  t o  be 
b o r d e r l i n e  c a s e s  and f o r  w h ich  b o t h  forms of s o l v a t i o n  may o c c u r ,
A s t u d y  of  th e  c o n d u c t i v i t y  of  s i l v e r  p e r c h l o r a t e  i n  
s o l v e n t s  and s o l v e n t  m i x t u r e s  of  c l o s e l y  s i m i l a r  d i e l e c t r i c  
c o n s t a n t  has i n d i c a t e d  t h a t  i n  some of t h e s e  s o l v e n t s  e x t e n s i v e
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s o l v a t i o n ,  p r o b a b l y  of  b o t h  i o n s ,  o c c u r s .  The e f f e c t s  o f  t h i s  
s o l v a t i o n  on t h e  d i s s o c i a t i o n  c o n s t a n t  and i o n i c  r a d i i  were 
o b se rv e d  t o  be q u a l i t a t i v e l y  i d e n t i c a l  and q u a n t i t a t i v e l y  
s i m i l a r  t o  th e  e f f e c t s  of o r g a n i c  b a s e s  on th e  same s a l t  i n  
p u r e  a c e t o n e .  S i n c e  a l m o s t  no v a r i a t i o n  of  t h e  d i e l e c t r i c  
c o n s t a n t  i n  th e  im m ed ia te  v i c i n i t y  o f  a n  i o n  i s  p o s s i b l e  f o r  
t h e s e  s o l v e n t s  i t  seems u n l i k e l y  t h a t  t h i s  f a c t o r  c an  be of  
p r im e  im p o r t a n c e  i n  t h o s e  g o v e r n i n g  th e  i n c r e a s e  i n  d i s s o c i a t i o n  
f o r  t h e  s o l v e n t  m i x t u r e s  w h ich  have b e e n  s t u d i e d .  A v e r y  good 
c o n s t a n c y  of th e  Walden p r o d u c t  was o b s e rv e d  f o r  s i l v e r  
p e r c h l o r a t e  i n  t h e  s o l v e n t s  and  s o l v e n t  m i x t u r e s  o f  s i m i l a r  
d i e l e c t r i c  c o n s t a n t  b u t  i t  was foun d  t h a t  t h i s  c o n s t a n c y  was 
f u r t h e r  im p ro ved ,  a s  has b e e n  r e p o r t e d  by o t h e r  w o r k e r s ,  when 
t h e  p r o d u c t  was d i v i d e d  by th e  a p p r o p r i a t e  d i e l e c t r i c  c o n s t a n t .  
The same Improvement o f  c o n s t a n c y  has a l s o  b e e n  o b se rv e d  f o r  
t h e  r e s u l t s  of o t h e r  w o r k e r s  i n v o l v i n g  a v a r i e t y  of  i o n s  and 
s o l v e n t s .  U n f o r t u n a t e l y  i t  has  n o t  b e en  fo un d  p o s s i b l e  t o  
e x p l a i n  t h i s  improvement  on a  t h e o r e t i c a l  b a s i s .
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